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WATCO’S NEW 


SINGLE TEE FORM. 


Experienced Watco engineers are there . . . traveling, 
watching, reading and working with “what's new”. 

Not satisfied with keeping up, these men are determined 
to stay ahead. 

You'll find an enthusiastic partner in the Watco people 
on your next forming application. 


WRITE FOR OUR LATEST 


STEEL FORMS CATALOG 
JUST OFF THE PRESS 


Guaranteed damage- 
free delivery 
by Watco's 

own truck fleet 


P.O. BOX 1308 © PLANT CITY, FLA. 
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time is money = Incor saves you time = 


Pier 40 Superstructure (Holland-America Line). Owner: City of 
New York, Department of Marine and Aviation; Architects and 


Engineers: Roberts & Schaefer Co., Inc.; General Contractor: 
Corbetta Construction Co., Inc. (all of New York). 


830,000 sq ft in 9 months—with precast concrete and Incor 


Construction of the superstructure 
on Manhattan's precedent-setting, 
15-acre Pier 40 represented a major 
coordination feat for the contractor. 
More than 12,000 precast members 
and prestressed members in hun- 
dreds of shapes and sizes were pro- 
duced on precise schedules—nearly 
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all cast at the site. Again, Incor 24- 
hour cement proved its worth. Used 
exclusively for the cast-in-place 
concrete as well as the precast units, 
it enabled the contractor to accom- 
plish the job on schedule, and with 
a considerable saving in forms. 

Let Incor do the same for you. 


Specify it in your next project and 
make time work for you. With Incor 
on the job, it's earlier than you think. 


AMERICA'S FIRST HIGH EARLY STRENGTH CEMENT 


LONE STAR CEMENT CORPORATION, NEW YORK 17, %.¥. 
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LACLEDE 
PRESTRESS 
STRAND 


adds strength and durability to 
new downtown Louisville motel 


The $1,000,000 Towne Terrace Motel in the heart of Louisville is Kentucky's 
largest building constructed with prestressed concrete members. The 
traveler finds a luxurious welcome at this beautiful hostelry, with its 164 
handsomely appointed suites, restaurant accommodating 100 diners, cock- 
tail lounge, swimming pool and roof terrace. 


Of architectural interest is the generous use of cantilevered overhangs. 
throughout the U-shaped structure...a type of construction in which 
double-tee prestressed concrete slabs were used to the best advantage. 
High strength was imparted to the slabs with Laclede 7-wire Prestressing 
Strand, the choice of many prestressed concrete manufacturers because of 
its consistently high quality and uniformity. Laclede strand is made with 
Laclede’s own open hearth steel, produced under strict metallurgical control 
from furnace to finished product. 
Your local prestressed concrete manufacturer can show you the many 
a ' advantages offered by durable, fire-safe, time-saving 
prestressed concrete in modern design and construction. 


Write to Laclede for this 12-page illustrated brochure. Shows in detail the 
manufacture, use and performance characteristics of Laclede prestressing strand. 


LACLEDE STEEL COMPANY 


GENERAL OFFICES: St. Louis, Missouri 


DISTRICT OFFICES: Chicago, Illinois * Dallas, Texas + Denver, Colorado * Detroit, Michigan 
Houston, Texas * Kansas City, Missouri * Memphis, Tennessee 
Moline, Illinois * |New Orleans, Louisiana Tampa, Florida 
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POZZOLITH .. . make 


BILOXI BAY BRIDGE—67’ wide—will connect Biloxi and Ocean Springs, Mississippi with two 26’ clear 


roadways for 4-lane traffic. PozzoLiTH concrete was used throughout the new prestressed structure 
—including piles, deck beams, deck slab, pile caps and footings. Construction Agency: Mississippi 
State Highway Dept. e General Contractor: J. B. Michael & Co., Inc., Memphis. 


Big bridge ower Biloxi Bay 
new $6 million prestressed project spans 11/2 miles 


When traffic starts to roll on the com- 
pleted Biloxi Bay Bridge in early *62— 
over 39 miles of prestressed PozzoLiTH 
concrete members will be in place. These 
consist of 128,000 linear feet of pre- 
stressed piles, ranging in length from 45’ 
to 95’ in four sizes—36"’’, 30’’, 24’’ hollow 
void and 20” solid, plus 1,512 prestressed 
deck beams each 52 feet long. Total pre- 
stressed and poured-in-place PozzoLiTH 
concrete for the project is 52,000 cubic 
yards. 

A complete on-site prestress yard was 
set up by the contractor including a 7-lane 
casting bed and dry batch concrete plant. 
Three 330-foot lanes are for casting beams, 
four 465-foot lanes for piles. 

Job demands and a tight timetable led 
to these requirements for the 5000 psi 
concrete specified: (1) Controlled retarda- 
tion to assure workability and easy 
handling for the poured-in-place concrete 
(footings, pile caps, deck slab) after long 


MASTER 


BUILD 


transport by barge. (2) High early strength 
(3500 psi at 36 hours) with low W/C 
ratio for the prestressed members in order 
to maintain an extremely high production 
rate. (Example: 940 feet of piling per day.) 

Pozzo.itH reduced total water content 
12% and provided the controlled rate of 
hardening needed for superior workability 
under severe time and temperature condi- 
tions. PozzoLItH also helped provide 
greater durability for concrete exposed to 
sea water corrosion and tested at 28 days 
up to 8000 psi. 

Call in the local Master Builders field- 
man to demonstrate—on your project— 
how PozzoLiTH concrete is superior in 
quality and economy to plain concrete, or 
concrete made with any other admixture. 


The Master Builders Company 
Division of American- Marietta Company 
Cleveland 18, Ohio 
World-wide manufacturing and service facilities 


ERS. 
POZZOLITH 


*Pozzo.itu is a registered trademark of The Master Builders Co. for its ingredient for concrete which 
provides maximum water reduction, controls rate of hardening and increases durability. 
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We supply the “muscle” for modern concrete 


Lasting strength and flexibility—they’re as important in pre- 
stressed concrete strand as they are in muscle. And these are 
the qualities that have made CFal Prestressed Concrete 
Strand and Wire strong favorites with concrete men across 
the nation. 

CFal Prestressed Concrete Strand is ideal for stressing all 
types of structural members because it has uniform elastic 
properties and high tensile strength. Made in accordance 
with ASTM A-416. 

For post-tensioning, you'll want CFal Stress-Relieved Pre- 
stressed Concrete Wire. In addition to excellent mechanical 
properties, CF&I Wires lie flat and straight when uncoiled. 
This makes them ideal for either Button Anchorage (BA) or 
Wedge Anchorage (WA) types. Made in accordance with 
ASTM A-421. 

CFal’s nationwide system of warehouses and sales offices 
assures you speedy delivery on these and other top-quality 
products for the construction industry. Ask your nearby 
CFal sales office for complete details. e135 


The Colorado Fuei and Iron Corporation 
Denver + Oakland +» New York 
Sales offices in Key Cities 
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Bethlehem also furnished the fabricated reinforcing bars used on this section of freeway. 


Bethlehem Stress-Relieved Strand in 24,000 lineal feet 
of hollow prestressed-concrete piling for Seattle Freeway 


High above Lake Union, in the Capitol Hill 
area of Seattle, Washington, a 2,700-ft section 
of the new Tacoma-Seattle-Everett Freeway 
is being rushed to completion. It consists of 
three pile-supported, raised roadways, side 


Production line system was set up by contractor. 
Several piles were made at one time, end-to-end. 
After curing cycle, they were separated by burning 
the strands between piles. 


BETHLEHEM STEEL 


BETHLEHEM STEEL COMPANY, BETHLEHEM, PA. 
Export Sales: Bethlehem Steel Export Corporation 


by side, each with 4 lanes. The center viaduct 
is reversible to handle peak traffic loads. 


Morrison-Knudsen Co., Inc. and Rumsey 
Co., handling the contract as a joint venture, 
used over 900 tons of 7/16-in. diameter Beth- 
lehem stress-relieved strand in the fabrication 
of 973 prestressed concrete girders and 405 
hollow prestressed piles. A typical bent is 
shown above. The 5 cylindrical piles support 
13 I-section girders, which are placed across 
the top of a cast-in-place cap. A concrete slab 
is then poured to complete the deck. 


Leading prestressers are using Bethlehem 
stress-relieved strand because they like the 
results. They find that Bethlehem strand is 
flexible and easy to handle . . . and that they 
get the same dependable mechanical proper- 
ties in every reel. Your nearest Bethlehem 
Sales office has full details. 
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STOW MIDGET VIBRATOR 
& VIBRATING SCREED 


. . . job-tailored for prestressed work! 


This job-tailored combo cuts time, 


costs and manpower—gives you stronger, 


Mail 
this coupon 
for complete 


smoother prestressed slabs and forms to 
meet the most rigid specifications. 


STOW EU ELECTRIC VIBRATOR is lightweight and rugged, 
compacts the stiffest mixes. Features standard 1%” or 
¥%” heads that operate at 10,000—16,000 VPM; 1 HP 
Universal motor with thermal overload protection; flexi- 
ble shafts in 2 ft. to 21 ft. lengths; and 10 ft. 3-conductor 
cord. Operates on 115 volt AC or DC, 25 to 60 cycles. 


STOW SLE ADJUSTABLE AMPLITUDE DOUBLE-FLANGE 
SCREED has steel beam with two 3” flanges. Like making 
2 passes at once! Available in lengths to 8 ft. (SLG 
models in lengths to 12 ft.) Strikes off a true grade 
while vibrating the mix. 1 HP Electric (or 2% HP gas 
engine ) Power Pak delivers the exact amount of vibration 
needed—all along the beam. Optional raised curved han- 
dles available. 


STOW MANUFACTURING CO. 
495 Shear St. 
Binghamton, New York 


Please send me Stow Bulletin 610-2. 


NAME COMPANY 
ADDRESS 
STATE 
STOW MANUFACTURING CO. BINGHAMTON, NEW YORK 
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Voids Reduce Weight In 
Record-size Precast Girders 


Oneida Lake 


For VOIDS in concrete construction, use neo Breweron he Ont 


Bridge is being constructed for the 
New York State Department of Public 
Works, with Henry Ten Hagen, M. ASCE. 


Chief Engineer; C. F. Blanchard, F 
ASCE. Deputy Chief Engineer, Bridges, 
Earle E. Towlson, District Engineer; and 


Olschewske, Resident Engineer 


Consulting Engineers for the Depart 


Moltke, with Eric C. Mothe and K 0 


supervision, and R E Muelier as Field 


Engineer. Terry Contracting inc is the 
contractor with William Mayhew, Vice 


President, acting as Chief Engineer 
T and Lloyd Monroe as General Superin 
tendent 


SONOVOID Fibre Tubes and steel tendons in place prior to 
placing forms. Photo courtesy Terry Contracting Inc 


Positioning girders over the water. Exterior girder left center 


a 
5102 hoto courtesy Sika Chemical Corp 


The Oneida Lake Bridge near Brewerton, N. Y., is the 
longest prestressed concrete girder bridge in the U. S. There 
are two separate parallel structures, each carrying three lanes 
of traffic and having a pier-to-pier span of 320’ 6”. 

Each span consists of twelve precast concrete cantilever 
girders, each 147 feet long and weighing 230 tons, which 
support five 231-foot, 230-ton concrete girders between 
them. To reduce dead load and simplify the moving and 
placing of the huge 230-ton exterior girders, they were 
voided with Sonoco Sonovoip Fibre Tubes, especially 
fabricated for this job. 

Sonoveip Fibre Tubes are specifically designed to form 
voids in concrete floor, roof, and lift slabs, bridge decks, 
and in precast members. By displacing low-working con- 
crete, they reduce weight and the amount of concrete and 
steel required...thus saving time, labor, materials, and 
money. 

Order Sonovoip Fibre Tubes 2.25” to 36.9” O.D., in 
standard 18’ lengths or as required. Can be sawed—end 
closures available. 


See our catalog in Sweet's, 
or write for information and prices to 


Construction Products 
SONOCO PRODUCTS COMPANY, HARTSVILLE, $. C. La Puente, Cali! 


* Fremont, Calif Montclair, N. J. Akron, Indiana * Longview, Texas 
Atlanta, Ga. * Brantford, Ont. * Mexico, D. F. 
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~STRESSTEEL was the solutio 


to this Precaster’ s Problem 


Post Office ‘Philadelphia, Pa. Gen. MeCloskey & Ce., Builders, Phila., Pa, 


Architect-Engineer: Wallace & Warner, Bryn Mawr, Pa. Concrete Precaster: Eastern Prestressed Concrete Corp., 
Structural Engineers: Urban Engineers, Inc., Phila., Pa. Line Lexington, Pa. 


THE PROBLEM: How can a prestressed concrete 
products manufacturer economically 


cast girders of unusual design, not readily adaptable to existing pretensioning beds ? 


| THE SOLUTION: os Post-tension the girders with 
STRESSTEEL BARS. 


This unusual precast structure, requiring up to 600 Ibs. per sq. ft. live load, called for 
many short, deep girders with a wide range of prestressing forces as the photograph 
shows. To cast these girders in pre- 
tensioning beds was unfeasible for 
both cost and production reasons: the 
girders were too large for the beds— 
varying prestressing requirements 
would mean an uneconomical use of 
steel—unusual location and position 
of the steel center of gravity. 

By casting the girders in another 
area and post-tensioning with 
STRESSTEEL BARS, Eastern Prestressed 
Concrete Corporation not only eco- 
nomically fulfilled the contract, but 
kept their pretensioning beds free for 
their regular production. 


You will achieve superior results at substantial savings with STRESSTEEL because it is. 
@ High strength alloy steel @ Low in labor cost 
@ Low in initial cost @ Easy to tension 
Member—Prestressed Concrete Institute 


STRESSTEEL CORPORATION 


221 Conyngham Ave. ° Wilkes-Barre, Pa. 


Sales Offices: Minneapolis and San Francisco 


Myron Goldsmith 
Senior Architectural Designer 
Skidmore, Owings, & Merrill 


GUEST EDITORIAL 


Prestressed concrete, especially when precast, has 
opened up very great new possibilities for the archi- 
tect—freedom by which members can be cast to take 
many different forms; and, more fundamentally, long- 
span construction with spectacularly small depth to 
span ratios which were, until now, not economically 
possible. Considered an experimental material in this 
country ten years ago, it has become almost com- 
pletely accepted and commonplace today. If the ma- 
terial is to make further encroachments in the areas 
where it has not been used (and this will be done 
in the face of effective opposition by the structural 
steel industry) we should take a look in a construc- 
tively critical way at some of its areas to be improved. 


CONNECTION OF PRECAST ELEMENTS: One 
of the greatest problems is the joining of pieces into 
an acceptably finished building. We have only to com- 
pare the elegance and precision of a rolled steel 
section welded to its columns with a similar detail 
in precast concrete to note how far we must progress 
to reach a similar elegance and precision. Much re- 
mains to be done so that the joints are compact and 
have a neat finished appearance. This requires more 
research, better engineering, attention to details, and 
more precise construction. 


FINISH: It is possible, by proper formwork and 
control, to produce almost perfectly finished members, 
uniform in color and texture, yet many manufacturers 
do not do this. Once they realize that it can be ob- 
tained, architects will insist on perfect workmanship. 


CONSTRUCTION: When prestressed concrete was 
in its developmental stage, many construction prob- 
lems were tolerated which today are becoming inex- 
cusable: excessive camber; failure of details in the 
stressing operation; poor performance by the suppliers 
of tendons, concrete and precast units. It is necessary 
that organizations engaged in prestressed concrete 
work organize and staff themselves in a way that is 
commensurate with the precise and difficult tasks 
they are facing. 
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JOURNAL in brief 


Principles of Mechanized Production of Prestressed Concrete 14 
Ben C. Gerwick 


An excellent summary of present achievements in the field of mechanized production 
of prestressed concrete. Based on these observations the author developes the novel 
idea of a circular prestressed plant. 


Theoretical and Practical Discussion of the Design, Testing and use of Pretensioned Prestressed 
Concrete Piling 22 


G. C. Strobel and John Heald 


With the updating of state specifications, driving and design procedures were de- 
veloped which lead to the acceptance of prestressed piling. Load tests revealed 
surprising capacities for the prestressed piles and eel the bearing formulas very 
conservative. 


Recent Developments in Automatic Manufacture of Prestressed Members in the USSR 34 
V. V. Mikhailov 


Faced with its huge backlog of new construction Russia has made great strides in 
developing fully automated and mechanized prestress plants. With machines such as 


the vibropuncher an automatic production line can produce up to 6,400,000 sq. ft. 
of floor panels annually. 


Extrusion of Prestressed Concrete 
Harry H. Edwards 
The development of an economical machine produced prestressed section has been 


the aim of the industry for many years. The author traces the development of such 
a section and the current status of the industry. 


47 


Electrothermic Method of Pretensioning Bar Reinforcement of Precast Reinforced Concrete 57 
B. G. Skramtaev 


Of all the mechanized means of producing prestressed concrete in Russia none has 
had as much success as the electrothermic method. In great detail the author 
describes the method and its many applications. 
Tall Precast Concrete Towers 
Franz Sauter 
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Faced with a rigid time schedule, economic considerations, and limited equipment, 
prestressed concrete was selected for the 100 ft. light towers used for the World 
Amateur Baseball games in Costa Rica. 
The Philosophical Creative Approach 
Louis I. Kahn 


The importance of emphasizing the structural frame in a building’s architecture 
rather than suppressing it is this outstanding architects approach to creativity. He 
speaks of the joints in a structure as a strategic event and should be treated, sym- 
bolically, as if they were made of gold. 
From Architect's Conception to Concrete Reality 80 
Thomas J. Leidigh 


The process of blending architectural expression, mechanical requirements, and a 
workable structural design and framing plan for the outstanding Pennsylvania Medi- 
cal Center, are explained and illustrated by the author. 


Concrete Results 
]. B. Smythe 
With the importance of final appearance and exactness of fit in mind for this 7 story 
precast structure, the casting of each individual member is carefully planned. 
A Sliding Joint, Prestressed Concrete Pavement 92 
Lyle E. Young 
The writter presents a plan employing precast, triangular, diagonally prestressed 
slabs as another solution in the challenging area of prestressed pavements. 
September, 1961 
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PROCEEDINGS PAPER 


Principles of Mechanized Production 
of Prestressed Concrete 


Ben C. Gerwick, Jr.* 
Presented at the Prestressed Concrete Institute Convention 


New York City, September, 1960 


The ideal or ultimate system of 
mechanized production of pre- 
stressed concrete would be one in 
which the raw materials, aggregates, 
cement, water, mild steel, and pre- 
stressing steel entered the process 
near one end; while from the other 
end a completed, cured, prestressed 
concrete member would be loaded 
onto a truck. Also, ideally, within 
the actual production line it would 
be possible with relatively minor la- 
bor to change the length and the end 
details, so that while the resultant 
product was a standardized element, 
it could be varied within limits to 
fit many specific installations. At the 
end of the actual production proc- 
ess, the element would be stored in 
such a manner as to facilitate its 
loading and shipping. 

This brief idealized statement 
points up one matter of special im- 
portance with prestressed concrete. 
That is that the approach to mech- 
anization must include handling, 
storing, and loading as well as pour- 
ing, stressing, etc. The weight and 
size of individual elements are such 
that handling costs are an appreci- 
able part of the overall costs. 

No mechanization process can ig- 
nore or be separated from the con- 
*President 


Ben C. Gerwick, Inc. 
San Francisco, Calif. 
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cept of “flow of materials”. The basic 
materials must flow to the process 
at the required rates and this mate- 
rial delivery must be mechanized to 
as high a degree as possible. Some 
automatic machines have been de- 
veloped which have failed to pro- 
vide adequate means of delivery of 
the concrete to the machine, a mat- 
ter which is fully as important as 
that of placing and finishing the con- 
crete. 

One approach to mechanized pro- 
duction of prestressed concrete is an 
out-growth of experience with con- 
crete block manufacture. In this ap- 
proach, the product moves to the 
process. The concrete batching, mix- 
ing, and pouring is at a fixed loca- 
tion. Steel molds or frames move 
first to a stressing position where 
the steel is placed, stressed, and 
locked to the frame. The mold then 
moves on to the pouring position 
where the concrete is placed, vibrat- 
ed, screeded, and finished. Then the 
mold moves on to accelerated curing, 
usually a steam tunnel. Emerging 
from this, the element is removed 
from the mold to storage while the 
mold is cleaned and returned to the 
cycle. The completed element may 
be palletized or otherwise combined 
within the storage area, and then 
moved to load-out. 

When this approach is used with 
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post-tensioning, the stressing and 
grouting of the steel are injected in- 
to the cycle before and during stor- 
age. 

A typical example of such an ap- 
proach is in the production of pre- 
stressed wall, roof and floor panels 
in factories in the U.S.S.R. (See 
Proceedings of World Conference on 
Prestressed Concrete, 1957, San 
Francisco, Page A-37-1, and Proceed- 
ings of the Third Congress of the 
Federation Internationale de la Pre- 
contrainte, Berlin 1958, Session III, 
Paper 1.) There are several types 
of automatic stressing equipment 
and methods in use in the U.S.S.R. 
One is a turning arm with a spindle, 
through which wire is paid out un- 
der tension. The wire wraps around 
pegs which are raised hydraulically 
in the proper sequence. Another 
machine, the DN-7, travels along the 
frame, and a spindle moves trans- 
versely to pay out wire under ten- 
sion around fixed pegs. 

Many of these factories are large, 
modern, well equipped plants, turn- 
ing out a high annual volume of 
standardized products. Large steel 
frames, each the size of a complete 
panel, move through the many stag- 
es of the production process on rails 
or chain conveyors. The individual 
production steps have been mech- 
anized. Each plant is vertically inte- 
grated, receiving aggregates, cement, 
mild steel, and high tensile wire, as 
its raw materials. Material flow 
around and within the plant is com- 
pletely mechanized, although im- 
provements are possible (and are 
being made ) in plant layout. 

More recently, electro-thermal 
stressing is being applied, with the 
strand being electrically heated 
while it is wound under moderate 
tension, with the remaining prestress 
added by the cooling of the wire. 
The use of polished hydraulic plung- 
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ers to form voids and shapes is an- 
other development. Vibrators are 
combined with the plungers and 
presses. 

Side forms of slabs are removed 
before the member enters the steam 
curing, the wire being anchored to 
pegs in the soffits that travels with 
the member during the production 
process. Push-button controlled au- 
tomatic stacking is employed to feed 
the steam curing tunnel. This same 
basic approach has been applied to 
post-tensioned railroad ties in Ger- 
many. Here the bars are placed in 
a mold which moves along a con- 
veyor to the pouring position, and 
thence to curing, stressing, grouting, 
palletizing and storage. 

More recently, the American Con- 
crete Crosstie Corporation 
nounced development of an auto- 
matic tie machine, where the strand 
is positioned in the frame (mold) 
before pouring. The mold then 
moves on a conveyor to a preten- 
sioning position, where the strand is 
automatically stressed. Then the 
mold is conveyed to the casting area, 
then on by conveyor to a curing tun- 
nel, and finally to storage. 

A leading American manufacturer 
of machinery has under develop- 
ment a machine which would be 
based on large multiple frames, 
which would act like moveable pre- 
tensioning beds and would travel 
through the several steps of manu- 
facture. Thus each process, stretch- 
ing strands, stressing strands, pour- 
ing, finishing, curing, etc., would 
always occur in a specified zone, 
thus permitting that process to be 
efficiently mechanized. Handling, 
storing, and load-out of the com- 
pleted product are not inherently 
covered by this development and 
would require subsidiary means, as 
overhead bridge cranes, to carry 
these steps out in a mechanized or 
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partially mechanized manner. 

In England, a variation of this 
approach is employed in the manu- 
facture of prestressed railroad ties. 
Here wires are pretensioned on a 
number of parallel long-line beds. 
At a central point, concrete is poured 
into individual steel frame molds, 
which are then pushed lengthwise 
down the beds. In their final posi- 
tion, they are revibrated to insure 
bond. 

A different basic approach to 
mechanization is for the process to 
move to the product. This is essen- 
tially the method used in the typical 
pretensioning plants in the United 
States today. Fixed beds are utilized. 
The strand is stretched and stressed 
in the bed. The concrete is batched 
and mixed in a central plant and 
brought to the point of pour. Pour- 
ing starts at one end of the bed and 
moves along it, followed by screed- 
ing and finishing. Steam-curing cov- 
ers are placed, the product is cured, 
then the product is lifted out to 
storage and from storage to load- 
out. 

Mechanized improvements  al- 
ready employed include the use of 
pouring machines that feed, vibrate 
and screed the concrete. Hydrauli- 
cally actuated forms have been used. 
The stretching of the strand may 
be semi-automatic. Forms are de- 
signed that require little or no strip- 
ping. Automatic brush cleaning of 
the forms is employed. 

Extrusion or slip-forming is gain- 
ing in popularity. The entire sides 
may be extruded or only the top 
portion. An interior void may also 
be slip-formed, using a long polished 
steel tube. For best  slip-forming 
work, the concrete must be placed 
and compacted mechanically. A ma- 
chine has been developed which 
combines strand positioning, places 
the mesh, mechanically places con- 
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crete, vibrates, compacts, and finish- 
es it, while slip-forming sides and 
voids. 

A mechanical concreting system 
from Germany, introduced into this 
country in Wisconsin over five years 
ago and recently installed in a mod- 
ern plant in New Jersey, represents 
a high degree of mechanization. 
Fixed abutments are used to anchor 
and stress the longitudinal strand. 
A gantry crane straddles several 
beds and as it travels, it completes 
the product, one line or bed at a 
time. 

The machine supported from the 
gantry positions the strands, slip- 
forms the exterior sides, forms the 
inner cores, pours the concrete in 
three layers, screeds and finishes the 
surface. Continuous cored planks 
are cast on top of each other, one 
layer on each bed per day. After 
approximately five days run, and a 
two-day wait for the top member to 
cure, the stress is released and the 
planks are cut to length with a saw. 
They are then lifted sidewise to a 
trailer truck and hauled to storage. 
(See Engineering News Record, 
May 26, 1960, page 34) 

Such a major installation points 
up the possibilities of mechanization 
in two directions. First, it is substan- 
tially a complete mechanization of 
the forming and concreting phases 
of prestressed concrete production. 
While many different approaches 
and systems will be developed, and 
applied to different shapes, it is rea- 
sonable to conclude that none will 
show substantial improvement in 
this forming and concreting phase. 

On the other hand, this type of 
installation also shows, by what it 
has not mechanized, the tremendous 
opportunities for further develop- 
ment. This is particularly true of the 
break-out, handling, transporting to 
storage, storage and load-out opera- 
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tions. To a lesser degree it is true 
of the strand stretching, anchoring, 
and stressing operations, which are 
only partially mechanized. But this 
installation undoubtedly represents 
a significant step forward in pre- 
stressed concrete manufacture and 
is indicative of a pattern which ap- 
pears imminent in our industry. 

A further development following 
this same basic approach (process 
moving to product) is shown dia- 
grammatically in fig. 1, a circular 
plant layout. 

Assuming a rate of production of 
one foot per minute, and a 16 hour 
cycle, the production track must 
have a diameter of 300 feet. The 
storage area becomes a great circu- 
lar area all around the plant. This 
almost dictates a carrier, fork lift, 
or similar mobile machine for han- 
dling. When the product has been 
lifted out by the track-mounted gan- 
try, it may be moved to storage by 
conventional bridge cranes, carriers, 
fork lifts, or travel lifts. 

While the majority of pretension- 
ing beds in the United States are 
long-line (300 ft. to 600 ft.); increas- 
ing use is being made of pretension- 
ing under a gantry. The beds may 
then be short-line, as described in 
my paper presented at the Berlin 
Congress of the F.L.P. in 1958, or 
may be long-line, with the lines par- 
allel to the gantry tracks. In the lat- 
ter case, two bridge cranes are 
employed with both lateral and 
longitudinal movement, so as to per- 
mit storage under the gantry. 

Examining the short-line process 
first, this has the obvious problem 
of requiring more anchoring and 
stressing per element produced than 
in a long-line. But it greatly facili- 
tates handling, storage and load-out. 
Also, using the deflected strands 
technique, the problems of exact 
tensioning are greatly reduced on 
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such a short-line bed, and can be 
more accurately performed. 

If we are able to work on a 24- 
hour cycle, then in such a “short- 
line” plant, we can have an end 
work area where strand is pre-cut 
to exact length, and here mild 
steel is preassembled into cages. The 
cycle is then as follows: Light gan- 
try crane places cages and strand. 
Strand is pretensioned. Concrete 
comes in from side and is transport- 
ed laterally and poured by a 
machine. In the ideal plant, the 
pouring machine would have hop- 
per capacity for one transverse run. 
This machine would screed and fin- 
ish in one operation, or a second 
machine would follow for finishing 
and screeding. The light gantry 
crane would also place and remove 
steam covers. The heavy gantry 
crane would break out units to stor- 
age and load-out for transportation. 
Load-out will almost always have to 
be a day-shift operation. So break- 
out may be scheduled for a night- 
shift. 

If we consider a basic single-shift 
operation, then one gantry can do 
the job. The gantry itself will work 
practically around the clock, setting 
cages and loading-out on the day- 
shift, setting steam hoods on the 
second shift, breaking-out on the 
third shift. This either reduces cur- 
ing time to a total of about 16 hours 
including holding-time, or we need 
a two day supply of beds. In the 
latter case, it may be desirable to 
have a central rather than an end 
cage assembly area, and work one 
day east, the next day west, and so 
on. 

As a detail alternative, the strand 
may be fed to the beds from a swift 
car operating on tracks parallel to 
and outside the gantry rail. 

An overhead bridge crane is su- 
perior to a gantry in that the abut- 
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ments of the bed can be outside of 
the gantry rail, thus increasing the 
length of element which the crane 
can handle. But such a bridge crane 
requires two pick-up travelers so as 
to pick both ends of a member. Of 
course, a strong-back can also be 
used. 

On a three-shift operation, and a 
16 hour total curing time, the heavy 
gantry must operate on separate 
outside tracks, while the light gan- 
try passes underneath, running on 
an inside pair of tracks. See Fig. 2. 

Assuming an end cage assembly 
area, then the cage handling and 
stressing might proceed westward 
from this area for a 24-hour period, 
then return. The concrete pouring 
would likewise start, say 3 hours 
later, proceed westward to the end, 
then return to the east end to start 
another cycle. Steam hoods could 
also be handled by the light gantry, 
picking from the 16-hour point (to 
start), moving to the east end. 

The heavy gantry would start 
breaking out cured elements at the 
16-hour point, move these west- 
ward to storage. When it reached 
the 24-hour point (west end) it 
would be breaking out from the east 
end again. 

This involves handling the com- 
pleted elements over new work (and 
men) which does not contribute to 
Strand 
and 
Steel 
Delivery 


efficiency. A central cage assembly 
area plus storage and load-out at 
both ends will minimize this prob- 
lem. 

Depressing the beds below the 
gantry rails is one possibility and 
will serve several purposes: 

1. Enable abutments to be outside 
the rails. 

2. Facilitate dumping of concrete to 
hopper. 

3. Possibly facilitate steam curing, 
protection, etc. 

Suitable provision must be provided 

for cleaning and drainage, and the 

depressed area must be large enough 

to facilitate access. 

Longitudinal (long-line ) prestress- 
ing under gantries or bridge cranes 
is also practiced. It is capable of 
some mechanization, by adaptation 
of the above methods. Concrete 
would come in from the sides at in- 
tervals by truck. A pouring machine 
would travel transversely. Strand 
would be fed out from one end, 
stretched, and stressed. 

When cured, units would be han- 
dled sidewise, to side storage under 
the gantries, or lengthwise. Under 
this scheme, two gantries must co- 
operate on most lifts, unless the 
members produced are relatively 
short. A variation of this scheme 
that has been employed is to pick 


Mild Strand Pouring Light Heavy | 
Steel Cutting Vibrating Gantry Gantry | 
Cage Finishing Removes || Breaks Storage | Load 
Assembly % and Out and Area Out 
Places Loads Out 
| Steam Product 
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all members from the beds and move 
them sidewise to a flat car which 
transports them longitudinally to the 
storage and load-out area. 

One other basic approach to 
mechanization is for the product to 
move through the process. In this 
approach, the completed product is 
pulled through, thus stressing the 
strands which are anchored in the 
completed product. The other end 
of the strands, a full cycle away 
(perhaps 1500 feet), are fed off 
reels, which are braked to provide 
the necessary tension. Concrete is 
fed in from the side and poured and 
vibrated at one point. The forms 
either travel with the freshly poured 
element until initial setting, or the 
sides are extruded and the soffit 
moves. This soffit continues on 
through the curing period. The sof- 
fit and side forms may be of contin- 
uous belting on rollers. 

After emerging from the curing 
process, the units are cut to length, 
(if not divided in manufacture), 
lifted sidewise by a bridge or gan- 
try crane to storage and load-out. 

The application of a constant high 
stress to the completed product is 
by either side friction or mechanical 
gripping devices, the pull being ap- 
plied through continuous jacking or 
direct geared drive. 

The braking of the reels may be 
directly connected to the driving 
gears or dynamic (electric) braking 
may be used with the power fed 
to the driving motors. Thus the only 
new power needed, other than loss- 
es, is to overcome friction of the 
product in the line. By arranging 
the entire line on a slope, gravity 
can be employed to provide the ba- 
sic force, augmented and controlled 
by a powered drive. (Patent appli- 
cations have been filed for the above 
described process. ) 

There remains another problem 
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for which a satisfactory solution is 
needed. It is the forming of voids. 
Progress has been made with pol- 
ished steel mandrels, paper boxes, 
fiber tubes, paper wrapped stressed 
elements, pneumatic mandrels, and 
mechanical mandrels. But none ap- 
pear to be one-hundred percent sat- 
isfactory at present; problems 
include the introduction of undesir- 
able tensile stresses in the fresh 
concrete, and plastic flow. The pres- 
ent efforts along all the above lines 
should eventually result in a satis- 
factory solution that can be entered 
into a mechanized production proc- 
ess. 

The development of mechaniza- 
tion can only go hand-in-hand with 
the development of suitable stand- 
ardized products and the marketing 
(sale) of sufficient quantities to util- 
ize a mechanized plant’s output and 
to justify the capital expenditures 
required. 

Products must be simplified and 
every effort expended to reduce ob- 
structions to mechanization, as for 
example, the elimination of end- 
blocks. This does not mean that we 
cannot mechanize a unit that has 
end-blocks, but merely that such 
changes in section are a further dif- 
ficulty to overcome. 

The ideal product for mechaniza- 
tion in any industry is one which 
can be utilized in many different 
structures and uses, that can be al- 
tered (in length, for example) with 
little difficulty and that can be com- 
bined or connected readily. 

A decade ago, it was thought that 
this requirement would be met by 
prestressing concrete blocks togeth- 
er in different arrangements and 
lengths, but this proved to be un- 
economical. The basic unit, the 
block, represented too small a part 
of the entire process. One such sys- 
tem that has survived and grown 
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has been the Raymond system for 
manufacture of the concrete cylin- 
der pile. Large concrete pipe units, 
generally 16 feet long, are connect- 
ed end-to-end by prestressing to 
form piles of varying lengths. In this 
case, the individual unit is sufficient- 
ly large to represent a significant 
part of the entire production proc- 
ess. 

Similar efforts in this direction 
have been made in New Zealand, 
Australia, and the U.S.S.R. where 
standard bridge girder sections have 
been cast in 6 foot or longer lengths, 
to be subsequently connected by 
prestressing. But in these cases, the 
mechanization has been primarily 
confined to the manufacture of the 
precast units, with the prestressing 
essentially a field operation. 

Of course, many buildings and 
other structures have been construct- 
ed from precast units, connected in 
the field by prestressing. However, 
most of these have been individually 
designed units, and manufacture 
has been mechanized to only a 
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minor degree. 
This concept needs further inten- 
sive development. Relatively large 
individual units appear desirable; 
perhaps these will even be preten- 
sioned. Therefore, the basic schemes 
of mechanization discussed earlier 
will apply to the manufacture of the 
individual units. 

There is also a great deal that has 
and can be done to make multiple 
and varied use of standardized pre- 
stressed concrete members. The ex- 
amples of the double-tee and single- 
tee in this country show how a 
single standard product can be suffi- 
ciently widely utilized to justify 
mechanized manufacture. 

Because of the urgent need for 
better production processes, there 
has been a tendency to concentrate 
on improving existing schemes only, 
and to mechanize detailed tasks, 
rather than give consideration to en- 
tirely new approaches. This is the 
purpose for this paper, the hope 
that it will serve as a guide and 
stimuJant to fresh approaches. 


Theoretical and Practical Discussion of 
the Design, Testing and Use of Pretensioned 
Prestressed Concrete Piling 


by G. C. Strobel’ and John Heald? 


INTRODUCTION 


Many foundations for highway 
bridge structures in Nebraska and 
other Great Plains States in the Unit- 
ed States rest on piling. Most fre- 
quently, rock formations are at such 
great depths that it becomes neces- 
sary to use friction or displacement 
piling which obtain their support 
strength from strata and _ soils 
through which the piling are driven. 

The search for a satisfactory eco- 
nomical displacement pile in Ne- 
braska has been a constant and con- 
tinuing process. Piling were either 
incapable of large design or carry- 
ing capacities, uneconomical, or too 
heavy and massive for light weight 
pile driving equipment. The aver- 
age small bridge projects, for which 
normal pile driving equipment must 
be designed, are projects on which 
from 2,000 to 4,000 lineal feet of 
piling per bridge are required. 

In 1954, three factors contributed 
greatly to the initial use of pre- 
stressed concrete piling on highway 
bridge structures in Nebraska. These 
factors were, the unsatisfactory driv- 
ing of various types of displacement 
piling; the introduction and use of 
prestressed concrete piling in the 
United States; and the major revi- 
sion and updating at that time of 
1. Deputy State Engineer 

Neb 


raska Department of Roads 
Lincoln, Nebraska 


2. Sales Manager 
Nebraska Prestressed Concrete Co. 
Lincoln, Nebraska 


construction methods and standard 
specifications for the Nebraska De- 
partment of Roads. 

The problem of unsatisfactory 
driving of various types of displace- 
ment piling was serious and costly 
as borne out by frequent pile col- 
lapses in driving and numerous 
broken, split and twisted piling. 
These failures had to be extracted. 
Precast concrete piling had been 
used for some time, however their 
great mass contributed to the early 
acceptance of the lighter and more 
easily handled prestressed concrete 
piling. 

As mentioned the third factor 
which contributed greatly to early 
acceptance and use of prestress con- 
crete piling was the revision of 
standard specifications in Nebraska. 
This actually turned out to be a key 
factor in the satisfactory use of the 
product. The old 1937 standard spec- 
ifications, to which many subsequent 
revisions had been made, still per- 
mitted the use of swinging pile 
driving leads for what was consid- 
ered the normal or small pile driv- 
ing project. This was the source of 
many pile driving difficulties. The 
old standard specifications also per- 
mitted the use of gravity type ham- 
mers. The revised specifications re- 
quired that pile driver leads be 
constructed in such a manner as 
to afford freedom of movement of 
the hammer and shall be rigged to 
insure support of the pile during 
driving. The support of the pile dur- 
ing driving was to be obtained by 


PCI Journal 


the requirement that the leads 
not be hung from lines, but that the 
bottom of the leads should be sup- 
ported on a firm foundation. Addi- 
tional requirements of the standard 
specifications required the use of 
steam, air, or diesel type pile driv- 
ing equipment for concrete piling 
and a driving capacity depending 
upon the mass to be driven. These 
specification requirements contribut- 
ed to early success in the use of 
prestressed concrete piling because 
they also formed the basic criteria 
essential to success in driving these 
piles. These specifications required 
contractors throughout the state to 
convert to equipment large enough 
and, which actually had a capability 
of driving concrete piling. Since very 
little steam and air pile driving 
equipment was being used in the 
state at that time, most contractors 
purchased compact operating diesel 
pile driving units. This also ap- 
peared to be a major factor in early - 
successful use of prestressed con- Fig. 1. Driving 90 ft. long 14 in. octagonal pre- 
crete piling because the diesel driv- stressed pile with » M-K diesel hammer. 

ers had the ability to drive the mas- _— other states who have begun the 

sive piling through difficult driving —_use of prestressed piling. A reduc- 


strata without any apparent dam-_ tion in the initial prestress force 
age to the pile. would have increased the handling 
DESIGN piling driven 

o rock, more load carrying capacity 

In order that a satisfactory han- would be available. 

dling and driving pile would result, Figures 2 and 3 indicate an ac- 
certain basic preliminary design as- ceptable prestressed concrete pile 
sumptions were necessary. No pre- standard plan on which twelve-inch 
vious criteria were available, but square to sixteen-inch square, solid 
after numerous preliminary calcula- —_and_ hollow piling are shown, plus 


tions, the basic criteria was adopted _ octagonal types. The square solid 
to use a design concrete prestress types have been used successfully 
force of 600 to 700 pounds per in plastic and point bearing stratas. 
square inch in the piling. This in- The octagonal tapered piling are 
sured sufficient force to properly used in sand, sandy silts, and sand- 
handle and drive the piling. The gravel formations. The hollow square 
accuracy of this decision is borne piling have been used with limited 
out by the successful handling and success. Due to the critical place- 
driving of hundreds of piling, and ment requirements of the void dur- 
the acceptance of this criteria by ing the manufacture of hollow piling, 
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Fig. 2. Standard plan of precast prestressed concrete bearing piling. 
quired in the pile driving, it ap- 
peared reasonable, that prestressed 
concrete piling should also be per- 


minor flotation has been encoun- 
tered. This produces an _ eccen- 
tric pile which causes eccentricity in 


driving and minor tension cracks 
can occur transverse to the axis of 
the piling. 

Since competitive piling were per- 
mitted the use of pile splices to re- 
duce the length of driver leads re- 
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mitted an approved splice. For this 
reason sleeve pile splices were de- 
veloped and tested in flexure by 
testing a 10 ft. long simply support- 


ed section. Deflections were meas- 


ured at three points along the span. 
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Fig. 3. Standard plan of precast prestressed concrete bearing piling. 
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Fig. 4. Test specimens used for flexure tests of prestressed concrete piling. 
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Fig. 5. Details of testing apparatus for flexure tests of prestressed piling. 
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Tests were made of two-6 ft. pile 
sections joined by a 6 ft. sleeve, 
which was fabricated from % in. 
thick steel plates for one test and 
%¢ in. thick steel plates for a second 
test. Figure No. 4 shows the type of 
sleeve splice which was tested and 
indicates the use of 2%e in. cables. 
These cables were tensioned to 15,- 
000 pounds each, which simulated 
an end bearing of 15 tons per pile. 
This appeared to be the minimum 
which might ever be specified in 
future bridge projects. Figure No. 5 
indicates the test setup and position- 
ing of the deflection gages and Fig- 
ure No. 6 is a graph of Load plotted 
against Midspan Deflection for the 
two splice sleeves being tested and 
for the test of a 12-inch square pile 
without a splice. These tests indi- 
cated a desirability to specify a % 
in. thick steel plate sleeve or per- 
haps one fabricated from even heav- 
ier plates, if an unspliced condition 
is to be assimulated. 


PILE LOAD TESTS 


The simultaneous introduction of 
prestressed concrete piling and die- 
sel pile drivers caused a number of 
problems relative to driving corre- 
lation. The actual energy delivered 
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by diesel hammers to a pile is vari- 
able and frequently slightly in 
doubt. 

In order to gain some information 
to the solution of this problem, the 
Nebraska Department of Roads con- 
ducted numerous pile load tests to 
obtain some insight into the energy 
being delivered to the pile under 
different conditions of driving. Fig- 
ure No. 7 shows typical Load-Settle- 
ment curves developed to arrive at 
usable pile driving formulas and to 
establish reasonable energy figures 
for diesel hammers. 

The pile load test shown in Fig- 
ure No. 7 indicates that the calcu- 
lated bearing by formula should be, 


S+0.1 (W+M) 
E = KWH 
_ 1.8 (H-1) 
H = stroke in feet 
H,, = 8.0 feet 


P = safe load in tons 
W = weight of hammer 
M = weight of pile plus weight 
of cap in tons 
E = energy per blow in foot-tons, 
and S = average penetration in 


inches per blow for last 
10 blows. 
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Fig. 6. Midspan deflections during flexure tests of prestressed piling. 


4 NO. 3, SLEEVE SPLICE 
| 
| | | | | | 
0100 0.200 0.300 0400 0500 0600 a7oo 


Subsequent load tests and the 
need to simplify engineering inspec- 
tion in the field has resulted in 
adaptation of the following pile 
driving formula for steel “H”, steel 
shell and timber piling: 


_30E WwW 
P=s+01* wim 
Concrete piling bearing calculations 
have been simplified to, 


_70E Ww 


P= * (3) 


The energy (E) denoted in formu- 
las (2) and (3) above for certain 
diesel hammers is as follows: 


Type of Diesel 

Hammer Energy 

Link-Belt 12K 7.5 foot-tons 

McKernan- See table for 
Terry DE-30 stroke 


See table for 
stroke 


Delmag D-12 


Energy in foot-tons for McKern- 
an-Terry DE-30 or Delmag 
D-12 hammers vary in accord- 
ance with the following table: 


H( Stroke ) E( Energy ) 
8 Feet 10 Foot-tons 
7 Feet 9 Foot-tons 
6 Feet 8 Foot-tons 
5 Feet 7 Foot-tons 
4 Feet 6 Foot-tons 


In addition to load testing of pil- 
ing to substantiate design or calcu- 
lated bearings, at some major proj- 
ects, where quantities are sufficient 
to justify the expense, piling are 
tested to determine design pile bear- 
ings for plan preparation prior to 
taking of bids to avail the State of 
savings realized by keen competi- 
tion. One such load test program 
was conducted at 72nd and Grover 
Streets in West Omaha, Nebraska. 
The following tabulation gives some 
results determined from the pile 
driving data: 


TABULATION NO. 1 


No. Kind of Pile 


1. Step Taper, Concrete 
Filled, 143g” Butt, 
854” Tip 45-4” 


bo 


Step Taper, Concrete 
Filled, 1634” Butt, 
1034” Tip 43'-1” 


3. Monotube, Concrete 
Filled, 12” Butt, 
30’ Tapered Section 79'-4” 


4. 14” Octagonal Pre- 
stressed Concrete 
20’ Tapered to 10” Tip 43'-0" 


5. 12” Diameter Straight 
Sided Shell, Concrete 


Calculated 
Bearing Calculated Design 
Penetration Yield") (tons ) Shear’ Bearing‘*’ 
below ground (tons) by Formula (tons) (tons ) 
90 52°) 112.3 35 
105 60°") 124.2 35 
220 80"") 205.8") 70 
195 128.1 70 
85 35") 113.7 35 


Filled 43’-0” 


Monotube, Concrete 
Filled, 12” Butt, 
30’ Tapered Section 43'-17%” 


90 43'") 97.8 35 
PCI Journal 


7. 10” x 42 lb. Steel “H” 
10” x 42 lb. Steel “H” 


43'-0" 
79'-1014” 
12” Diameter Straight 


Sided Shell, Concrete 
Filled 


10. 14” Octagonal Pre- 
stressed Concrete 
20’ Tapered to 10” Tip 


79'-9” 


79’-114” 


11. 12” Square Prestressed 
Concrete Uniform 
Section 


43'-2” 


12. 12” Diameter Drilled- 


In-Place Concrete 43'-0” 


NOTES: 


55 35") 114.4 (s) 
165 34°") 224.4(*) 55 
160 90'") 238.2'*) 55 
305 40°) 265.5'") 70 

95 144.8 35 

95 35 


a. Yield is based on maximum load supported by pile with net settlement of one- 


forth inch or less. 


b. Average undisturbed shear strength (s) is equal to one-half the unconfined com- 


pressive strength. 
Point resistance = 9 sA (silts) 


18 sA (sands) 


c. Design bearings used in the actual footing pad designs detailed on the construc- 


tion plans. 


d. s = 0.80 T./sq. ft. From 0-77 feet 
s = 1.90 T./sq. ft. From 77-80 feet 


45E 
S+0.1 W+M 


P = safe load in tons, 


P= 


W = weight of hammer or ram in tons, 


M = weight of pile plus weight of cap in tons, 


E = energy per blow in foot-tons, 


and S = average penetration in inches per blow for last 10 blows. 


3E W 


S+0.1 * W+M 
( Notations as above ) 


P= 


g. This pile was not incorporated in the design. 


Figure No. 8 shows plottings of 
the preliminary drive sample data, 
pile driving information, and load- 
settlement data for one pile in the 
test pile group in West Omaha. Sim- 
ilar data was developed for all pil- 
ing in this program. 

It is only through the continued 
programs of additional and advanced 
research, such as pile load tests to 
substantiate calculated results and 
competitive pile testing in similar 
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stratas that more useful information 
will be gained for substructure de- 
signs. This data and accompanying 
economic comparisons will make 
better future use of pile capacities. 


MANUFACTURING 


The majority of prestressed con- 
crete piles are manufactured by the 
long line method, using multiple 
strand jacking for the prestressing 
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strands. Forms are simple bottom 
pallets and side forms with cross- 
ties at the top. The piles are rein- 
forced spirally with % in. rod bent 
into a continuous spiral circling the 
outside of the pretensioning strands. 
The majority of pretensioning bear- 
ing piles are either square or octago- 
nal in cross-section. The small di- 
ameter piles are solid and the larger 
diameter piles have cored holes. 
The recent joint AASHO-PCI com- 
mittee has developed pile standards 
which are of square and octagonal 
cross-sections and of dimensions from 
10 in. to 24 in. in 2 in. increments. 
Driving tips can be blunt or tap- 
ered to suit driving conditions. The 
build up of piles is normally accom- 
plished with a mild steel reinforced 
connection. The AASHO-PCI stand- 
ards state “The minimum area of 
reinforcing steel shall be 1’ of the 
gross cross-section of concrete. Place- 
ment of bars shall be in a symmetri- 
cal pattern of not less than four 
bars.” A typical pile build up may 
consist of 8 number 6 bars 3 ft. long 
embedded into the head of the pile. 
(fig. 3). If the pile has to be 
lengthened one method is to break 
away the top of the pile exposing 
the tie bars and spirals. The splice 
bars are then embedded and the 
additional length of pile is poured 
in place on top of the original pile. 
Tops of all concrete piles are usu- 
ally protected during driving by 
some type of cushioning between 
the top of the pile and the hammer. 
This assures distribution of the ham- 
mer blow and tends to alleviate 
shock and eccentric driving. The 
most common type of cushioning is 
a 6 in. layer of softwood or a 2 in. 
layer of laminated plywood. These 
cushions must be replaced during 
driving before they become so com- 
pressed that they do not supply the 
desired cushioning effect. Sometimes 
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two or more cushions are needed 
in driving one long pile. 

The typical pile cross-sections are 
relatively simple to manufacture. 
Prestressed concrete piles can be 
used when combined with splicing 
techniques in any lengths and in 
most all ground conditions. 


GENERAL NOTES 


Prestressed concrete piles have 
several properties which make ‘them 
preferable to other types for many 
applications. They withstand severe 
driving conditions without cracking 
or spalling. A non-prestressed con- 
crete pile will crack as it recoils 
from a heavy hammer blow. When 
the hammer strikes, its force creates 
compression in the pile which caus- 
es an elastic shortening. As soon as 
the energy of the hammer is ex- 
pended and there is no force to 
maintain the elastic shortening, the 
pile springs back to its original 
length. By the time it reaches its 
original length it has gathered mo- 
mentum causing further elongation 
which in turn creates tensile stresses 
in the pile. Under a heavy hammer 
blow these tensile stresses cause 
cracks, and under repeated blows 
spalling develops. Prestressed con- 
crete piles are fabricated with suffi- 
cient compressive stress to off-set 
the tensile stresses caused by recoil. 
Experience indicates that an initial 
compressive stress of between 600 
psi and 700 psi is normally sufficient 
for this purpose. Where especially 
severe driving conditions exist the 
magnitude of the prestress force 
should be increased. Final determi- 
nation of the amount required is a 
matter of trial and experience with 
the existing driving conditions. 

Taking into account the tensile 
stresses obtained during driving, it 
is the writers opinion that the die- 
sel hammers which have recently 
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become popular for pile driving, 
are far superior to other types of 
driving equipment previously used, 
that is, the steam and the drop ham- 
mer. 

The diesel hammer delivers blows 
at a far higher rate of speed than 
a steam or drop hammer; it might 
be that this high speed of blows 
does not allow the concrete to reach 
the tensile stresses caused by the 
elongation due to recoil before the 
next blow hits the pile. 

It is also the writers opinion, that, 
there are cases where considerably 
less than 600 psi compressive stress 
is desirable in piling. Piling for sup- 
port of sewer pipe, support of build- 
ing slab, or small commercial build- 
ings can be made 6, 8, or 10” square 
with as little as 200 psi compressive 
stress, assuming that the pile lengths 
are very short and that the stresses 
due to driving are light. 

Prestressed concrete piles are easy 
to lift and transport. Their compres- 
sive stress enables them to resist a 
large bending moment, so that they 
can be lifted with simple one or two 
point picks where reinforced con- 
crete piles of the same dimensions 
require complicated rigging from 
multi-point picks. Transportation by 
pole trailer in lengths of up to 90 
ft. has been accomplished and they 
also have been transported by rail 
car where the stresses due to hump- 
ing of the cars are quite intense and 
might cause serious damage to other 
products. see fig. 9. 

Prestressed concrete piles are dur- 
able because they crackless. 
They are seldom cracked by driv- 
ing or handling and even if they 
should be, their compressive stress 
would keep the cracks tightly closed 
once the pile is in place. Because 
of this a prestressed concrete pile 
has a much higher moment of iner- 
tia than the reinforced concrete pile 
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stressed pile the entire cross-section- 
al area of the concrete contributes 
to the moment of inertia, while in 
the reinforced concrete pile the con- 
crete in the tensile side has no 
function and only reinforcing con- 
tributes to the moment of inertia. 
This additional moment of inertia 
is important in piles whose capaci- 
ties are determined by their slender- 
ness ratio. 


Reference 


Preston, H. Kent, Practical Prestressed 
Concrete, McGraw-Hill Book Co. 


Fig. 9. Typical load of piles on a rail ca 
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PROCEEDINGS PAPER 


Recent Developments In The Automatic Manufacture Of 
Prestressed Members In The USSR 


by Prof. V. V. Mikhailov* 


Presented at the 6th Annual Prestressed Concrete Institute Convention 


In the USSR mechanization and 
automation in prestressed concrete 
construction manufacture is now be- 
ing introduced on an ever growing 
scale. Hundreds and hundreds of 
small and large prestressing plants 
are equipped with mechanized and 
automatic machines for placing and 
stressing reinforcement and concrete 
casting. 

The degree of mechanization in 
production effects the final cost of 
the prestressed products and the dis- 
tribution of the net cost between the 
phases of production. 

Table No. 1 gives the variation in 
cost of the elements of expenditure 
in percentage of the total cost as 
the degree of mechanization varies 
from high to low. 

The relative cost of materials per 
concrete member in this way in- 
creases from 45% to 62.5% and the 


*Chairman of Commission 
Member of USSR Academy of 
Construction and Architecture 
Moscow, U.S.S.R. 


relative labor cost per member de- 
creases when high mechanization re- 
places low mechanization. Other 
elements vary but slightly. 

It is very clear that the cost of 
precast concrete in mechanized fac- 
tories is lower. Analysing this data, 
especially for highly mechanized 
plants, we see that a great price 
savings can be obtained by economy 
in materials, because these represent 
the major part of cost per member. 
This is achieved by using high 
strength concrete and steel, and eco- 
nomical member profiles such as 
thin-walled and spatial structures. 

The application of prestressed con- 
crete in construction is an important 
technical innovation; however it in- 
volves greater labor. For example, 
labor required for different types of 
prestressed construction takes from 
80 to 500 manhours per ton of pre- 
stressed steel reinforcement instead 
of 50 manhours per ton for ordinary 
bar reinforcement. The precast pre- 


Table No. 1 
No. Elements of Relative cost in % 
Expenditure by mechanization level 

High Average Low 
1 Materials 62.5 56.9 45.00 
2 Wages including overhead 11.88 16.70 32.60 
3 Repair and amortization 10.85 12.60 8.60 
4 Other expenditures 14.47 13.80 13.80 
100% 100% 100% 
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stressed construction cost noticeably 
decreases with the use of stressing 
and vibrocasting machines. 

Methods of continuous concrete 
prestressing and casting by vibro- 
punching, vibrorolling, vibropress- 
ing, etc., open up new horizons in 
this field. The seven year program 
of industrial development in the 
USSR provides for an approximate 
25% lowering of construction costs. 
First we reconsidered the profiles 
and sizes of present prestressed con- 
crete members. Then we studied pro- 
duction methods, while using the 
most mechanized methods of steel 
stressing and concrete casting. This 
is being carried out in the field of 
large-scale dwelling construction. 

At the 1957 World Conference of 
Prestressed Concrete in San Francis- 
co we had an opportunity to inform 
American engineers about the con- 
tinuous prestressing method in use 
at large factories in the USSR. 

Certain of our plants are now in 
the process of mechanization. Auto- 
mation of many processes is also un- 
der way. 

Our work in this field is not only 
to introduce present advanced tech- 
nology but to do the research nec- 
essary to develop new automatic 
methods for precast prestressed con- 
struction manufacture of tomorrow. 

In the course of the forthcoming 
seven year period (Seven Year 
Plan), mechanization and automa- 
tion of all plants, small and large, 
will be completed. 

By placing the prestressed wire 
so that it passes through the con- 
crete core of the member in the di- 
rection of the tension stresses, it be- 
comes possible to thin the member 
web and wall, to lower the stressed 
reinforcement, and to eliminate non- 
stressed bars. 

Continuous prestressing makes it 
possible to use continuous wire feed 
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ing, stressing, and placing in one 
complete mechanized and automatic 
process in manufacturing all types 
of members. 

A good example is the construc- 
tion of a one story industrial build- 
ing. The precast components were a 
ribbed floor panel 12 m. long and 3 
m. wide; “I” beams 24 m. long (see 
World Conference report); a track 
girder 12 m. long, for a 30 ton crane, 
and flat cross-ribbed wall panels 12 
m. long. 

The twelve meter long track gir- 
der (fig. 1) is 14 m. high and is 
assembled from two channel like 
pieces. All girder section zones have 
continuous prestressed reinforce- 
ment—longitudinal in the top and 
bottom flanges and transverse in the 
channel web. 

The longitudinal prestressed wires 
do not reach the beam supports, but 
at definite point change their direc- 
tion and bend at a right angle to 
beam axis and prestress the girder 
web. This heavy prestressing of the 
girder web permits a decrease in 
thickness to 5 cm. 

The continuous reinforcement 
lends itself to modern technology 
and can be accomplished quickly 
and easily. 

Photo (fig. 1) shows the 12 m. long 
girder in testing, and photo (fig. 2) 
this girder at flexural failure. 

The girder test showed that crack 
occurring at the load Q = 120 t. The 
girder failed at the load Q = 320 t., 
equal to designed load. Because of 
the web prestressing, the inclined 
cracks were noticed late in the test 
and did not cause the girder rup- 
ture. 

At present a number of continu- 
ous stressing machines are in pro- 
duction and development. The most 
extensively used machines CPV-3, 
DN5, MP, ARM, and DN7, are 
known to engineers who partici- 
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Fig. 1 Crane girder 12 m. long with a 30 ton capacity being test loaded. 


Fig. 2 Crane girder after test to failure. 
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pated in the San Francisco Confer- 
ence, and who have visited the 
USSR. These machines all simultane- 
ously distribute and stress two wires 
3 mm., or one 5 mm. in diameter. 
The speed of wire distribution is 
about 0.3 to 0.5 meters per second. 
Recently the production of continu- 
ous stressing machines has been in- 
creased considerably by using elec- 
tro-thermo-mechanical methods of 
prestressing. 

One of the marked shortcomings 
of all continuous stressing machines 
is that winding requires high qual- 
ity stress relieved wire. The lowest 
elongation of this tensioned wire at 
rupture must be not less than 3%. If 
the wire used is of poorer quality 
failure often occurs and a long piece 
of winded stressed wire loses its 
prestressing and slides down. For 
this reason, in the case of multi- 
row winding and at a steep bend, 
we must decrease the prestressing 
from 0.65 to 0.55 and even to 0.50 
ultimate strength. 

The electro-thermo-mechanical 
prestressing method can be de- 
scribed as follows: 

The wire is prestressed to 0.20- 
0.30% of its ultimate strength. It 
then receives additional electrother- 
mal heating and elongation while 
moving in the process. The heating 
is done electrically and as a result 
the continuous wire is heated to 
250° or 300° C. This heated and 
stressed wire winds on mould pins. 
When the stressed winded wire 
cools an additional stress of about 
0.45-0.35% ultimate strength is pro- 
duced. The total prestressing of the 
wire, after initial mechanical stress- 
ing and following stressing after 
cooling, is the required 0.65 ultimate 
strength. 

Quick wire heating up to 300°C. 
improves the plastic quality of the 
wire, as does stress relieving widely 
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applied in the USA and other for- 
eign countries. This doubles the pro- 
ductivity of continuous stressing ma- 
chines by allowing them to wind a 
greater number of wires, or permit- 
ting the use of larger diameter wires. 
Faster stressing table rotation also 
increases productivity and makes it 
possible to wind two 4 mm. wires, 
or one 7.8 mm strand instead of two 
3 mm. wires. 

The oil on the wire surface burns 
up during heating, thus improving 
the wire anchorage in concrete. Spe- 
cial automatic regulation of current 
strength and tension makes it possi- 
ble to standardize the temperature 
of heating and level of stressing, 
independent of winding wire length. 
The wire distributing mechanism of 
the winding machine is generally 
the first contact of the electric chain; 
the second contact must be the last 
pin or anchorage on the movable 
mould on which continuous wire 
winds. During winding the next 
pin always serves as the second con- 
tact which continues throughout the 
system. 

The use of electrothermal contin- 
uous stressing excludes wire tearing 
and the stoppage of stressing ma- 
chines. Electro-thermo-stressing is a 
definite improvement in the method 
of continuous prestressing. The la- 
bor consumed by continuous pre- 
stressing now is 20-25 manhours per 
ton of winded wire, considerably 
less than in other prestressing meth- 
ods. Low labor expenditure and 
higher productivity permit the de- 
velopment of automatic wire distri- 
bution, placing, fixing and stressing 
processes. A light stressed frame- 
work at a very low price is thereby 
obtained. 


Vibropunching 


A new factor lowering the cost 
of prestressed concrete construction, 
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is the innovation of concrete vibro- 
punching during casting. The free 
vibration method used in casting 
of concrete members also gives good 
results, but here the concrete dens- 
ity is attained only from the con- 
structions own weight. Concrete 
mixed by vibration becomes plastic 
and spreads till its surface flattens 
—the stiffer the mixture the more 
time required for casting. 

During vibration the stiff mixture 
acquires plasticity and fluidity. It is 
therefore possible to direct, move, 
replace and densify the mixture, in 
any, even very complicated profiles, 
by force. Vibropunchers or even 
boards in close contact with the con- 
crete mixture can be used for vibro- 
punching casting. 

On completion of the above de- 
scribed mechanized casting, and af- 
ter vibration ceases, the mixture sets, 
and becomes strong and hard. 

The profile and density of a mem- 
ber is obtained by the vibropuncher 
(1) (fig. 3) moving in the direction 
of the concrete mixture simultane- 
ously with the application of a pres- 
sure of about 200 g/cm’. 

The exact profile print on the sur- 
face of a cast member is obtained 
from the same profile on the vibro- 
puncher. The vibropunching meth- 
od of member casting provides for 
quick vibropuncher and form board 
removal without injury to the con- 
crete. Therefore mould separation 
during vibropunching is an impor- 
tant link in the member casting proc- 
ess. The chief parts of the vibro- 
punching machine are: 

1. Profiling vibropuncher 

2. Vibroboard 

3. Clasping frame 

All vibropunching machine parts 
must be mobile and their lifting is 
usually done by hydraulic jacks, since 
vibropunching requires application 
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of high stresses. Fig. 4 shows vibro- 
punching methods for various mem- 
bers. Individual members (fig. 4a, 
b) can be cast by vibropunching 
and member sets (fig. 4c) employ 
vibrocutting. When vibrocutting, vi- 
broknives are attached to the vi- 
bropuncher. The process of vibro- 
punching consists of the following 
operations: (see fig. 4) 

1. Board lowering 

2. Pouring of concrete 

3. Clasping frame lowering 

4. Vibro puncher driving into the 
concrete mixture, and distributing it 
into the casting member volume. 
This operation coincides with vibra- 
tion. 

5. Switching off the vibrators of the 
vibropuncher 

6. Board lifting 

7. Vibropuncher lifting 

8. Clasping frame lifting 

Through special valves, compressed 
air is fed under the vibropuncher 
to speed its separation from the con- 
crete. As a result the bond break is 
quick and without member damage. 

Vibropunching has been applied, 
but without complete mechanization, 
in our production of concrete dwell- 
ing members. We are also seeking 
to improve automatic and more 
complicated vibropunching ma- 
chines for large scale concrete mem- 
ber production. 

A very interesting example of a 
vibropunching machine is the auto- 
matic vibropunching line for pro- 
ducing prestressed cross ribbed 
sound-proof composite floor panels. 
They are built at the Concrete and 
Reinforced Concrete Research Insti- 
tute of the Academy of Construction 
and Architecture of the USSR, Mos- 
cow. The cross-ribbed prestressed 
composite panel with soundproof 
plates and floor parquet slab is the 
most economical floor construction 
for our precast dwelling buildings. 
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PRESTRESSED COMPOSITE SOUNDPROOF 
CROSS RIBBED FLOOR PANEL 


Fig. 5 


It requires 4.5 cm of dense concrete 
and 1 kg of reinforcing steel per 
square meter. (fig. 5) 

Three machines, a stressing table 
DN5 or MP, a concrete copying 
feeder, and a vibropuncher ma- 
chine are used on the production 
line. 

The production set up of contin- 
uous prestressing machines is well 
known so it will not be reported 
here. 

The concrete copying feeder is a 
new machine with the following 
parts: (see fig. 6) self-propelling 
bunker (1), dosage box (2), lower- 
ing distributing knife (3), self-pro- 
pelled gantry (4) with moving wide 
conveyor belt attached (5) and 
with restricting boards (6). The 
copying feeder delivers the required 
quantity of concrete on the gantry 
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belt as needed, or in square layers. 
Next it throws the concrete down 
onto the moving bed and distributes 
it in the designed dimensions in the 
necessary sequence, or in a flat lay- 
er convenient for vibropunching. 
The copying feeder functions as 
follows: Bottomless bunker filled 
with concrete slips over the open 
dosage box (2), which fills up as 
the bunker moves forward and back- 
ward. It is then vibrated to provide 
a very dense concrete box loading. 
At 180° the dosage box turns, dis- 
charging the concrete mixture on the 
conveyor belt (5). The gantry (4) 
begins to move forward and back, si- 
multaneously the distributing knife 
(3) lowers to the first, second and 
third level in consecutive order and 
spreads the concrete mixture in a 
square flat layer on the conveyer 
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Fig. 6 Concrete copying feeder. 


belt (5). Two cycles of knife lower- 
ing are sufficient to distribute the 
concrete mixture in exact square lay- 
ers. The gantry then stops over the 
movable bed, the belt begins to roll 
and the concrete mixture falls down 
on the bed. The gantry again begins 
to move and the concrete mixture 
is spread on the bed surface direct- 
ly in the required dimension of the 
future slab. The knife profile can 
make whatever needed surface re- 


Fig. 7 Cross-ribbed floor panel vibropunching machine. 
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lief is required in a transversal di- 
rection to the concrete which has 
been thrown down. The necessary 
concrete relief in a longitudinal di- 
rection is accomplished by stopping 
the gantry. 

The complete cycle of copying 
feeder requires 7% minutes; how- 
ever simultaneous operations reduces 
the exact cycle of automatic line 
work to approximately 4 minutes. 


The vibropunching machine (fig. 7) 
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has the following parts: 

1. Profiling vibropuncher with main 
frame (8) and 60x60 cm. chests, 
(9) raises and lowers, with the 
aid of 4 guides (10), and jacks (11) 
2. Clasping frame (12) lifted by 
jacks (13) 

3. Lifting rail (14) to lower the bed 
(7) with concrete mixture and place 
the bed on the shock absorber 
springs (15) 

4. Self-propelled rolling brush to 
clean the concrete mixture and dust 
accidentally bonded to the chests 
and clasping frame. 

In the described automatic line 
the boards are attached to the mov- 
ing bed and for this reason there 
are several changes. The work of 
the automatic line is done in the 
following procedure: fig. 8. 

1. Rolling the moving bed (7) un- 
der vibropunching machine then 
lowering and placing it on the 
springs (15) 

2. Lowering the 
(12) 

3. Vibropuncher (8) lowers, there- 
by causing the chests to press and 
vibrate the concrete mixture. The 
hard set concrete mixture moves un- 


clasping frame 


der chest pressure, fills the ribs, 
reaches the clasping frame and forms 
the desired unit dimension. 

4. Chest vibration ends 

5. Pressed air under chest is fed 
with simultaneous jacking 

6. Clasping frame is lifted 

7. Movable bed (7) is lifted to rail 
level 

8. Finished panel (17) with bed is 
moved and next operation starts. 

All these operations consume 3-4 
minutes, with only a foreman in at- 
tendance. The copying feeder work 
and the simultaneous work of auto- 
matic line machines, plus some ex- 
tra time, makes the production se- 
quence about 6 minutes. In this way 
the automatic line can produce 600,- 
000 sq.m. (6,400,000 sq. ft.) of floor 
panels annually. 

Another example of effective 
mechanized work is the production 
set-up of continuous prestressing 
plants with DN7 and DW57 ma- 
chines. The plant is for industrial 
member production and _ produces 
the following: roof slabs 3x6 and 
3x12 m.; I beams 6, 12 and 24 m. 
long; crane girders 6 and 12 m. long 
(30 ton capacity); and wall panels 


Fig. 9 Anchorage end of DN7 production line. 
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Fig. 10 Production line with a DN7 machine. 


3x12 m. The plant bed (figs. 9 and 
10 is made from precast prestressed 
concrete blocks 3.2 x 1.2 m. and is 
67 m. long. Each bed end is con- 
structed like a large concrete anchor 
with a movable steel anchorage (3). 
Movable pins (4) are arranged at 
each side. Continuous reinforcement 
is wound longitudinally and trans- 
versally in the proper sequence 
around these anchorages. 

Two machines work on the bed: 
a continuous stressing DN7 machine 
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for stressing reinforcement in two 
axis and a vibropunching DW57 ma- 
chine for casting and punching the 
concrete member. The product 
sequence is as follows. The vibro- 
punching machine, self-propelled in- 
to a new position, begins to cast the 
member. 

Casting members are distributed 
close to one another giving good 
bed usage. For example, in crane 
girder production two girder halves 
are close to each other, completely 
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filling the casting bed, with extreme- 
ly little space between members. 
This space is used to cut the stressed 
wires between the separate girder 
halves. 

Vibropunching machines supplied 
with spare parts are operated by 2 
men and can be reassembled to 
punch various members quickly by 
changing the vibropuncher and 
boards. 

Three types of factories produc- 
ing continuous prestressed precast 
concrete members for industrial 
buildings with production capaci- 
ties of 200, 400 and 600 thousand 
sq.m. of one story buildings yearly 
are now in design. Preliminary cal- 
culation establishes that buildings 
assembled from continuous 


stressed precast construction will, 
when compared to present pre- 
stressed methods yield the following 
economies: 20% concrete, 25% high 
tensile steel, 30% labor expenditures 
and 25% cost. Steel economy result- 
ing from the introduction of continu- 
ous prestressing and vibropunching 
at casting during the first year and a 
half make up in full the steel re- 
quired for the machines. The outlay 
for factory buildings with equipment 
was also refunded within two years. 

Our first and most important task 
is quickly to improve and master all 
new machines at prestressing plants, 
test them on automatic lines, and 
prepare them for use everywhere 
in large-scale production. 
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Prestressed Concrete.’ 


by Harry H. Edwards* 


Presented at the 6th Annual Convention of the Prestressed Concrete Institute 


In the mass-production of pre- 
stressed concrete there are two prin- 
cipal problems. One is material han- 
dling and the other is our system of 
forming. 

The two are pretty much tied to- 
gether. The system of forming that 
is used will dictate very largely the 
acceptable material handling system 
that can be used. It also determines 
importantly the cost of material han- 
dling. 

The prestressed industry as a pro- 
duction industry is very young. It is 
old in theory but in production, it is 
only ten years old. We have gone 
through a great many stages in the 
short period of ten years, both in 
materials handling and in forming 
systems. 

As would be expected, our first 
forming attempts were in movable 
forms, which necessitated a lay-out 
covering quite a large area. This 
dictated a type of material handling 
system and a_ production lay-out 
largely in the open, to suit the form- 
ing system. 

As the other systems have come 
along, we have not replaced our sys- 
tem of movable forms. We have 
merely separated it. 

The next step was to go to a 
system of forming utilizing a fixed 
set of forms. Examples of fixed forms 
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Leap Concrete Inc. 
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are double Tee’s, channel sections, 
bridge beams, etc. It is possible to 
produce all of these members in a 
fixed form where, you pour it into 
a form and take members out of the 
form, working on a daily cycle with- 
out disturbing the form. 

That was a great step forward. 
However, what was introduced was 
a system of forming an entirely new 
product. Therefore, we now have 
two systems of forming that look 
like they are well established with- 
in the industry—the movable form 
and the fixed form. In spite of its 
drawbacks the movable form is an 
essential part, and it looks like we 
will have it with us always, particu- 
larly for certain large shapes, and 
custom work. 

In our relatively new fixed form 
system—we have its limitation of 
producing only certain shapes. 

The prestressed industry, in order 
to completely cover the building 
field, had to find additional shapes, 
shapes that would fit into other pur- 
poses for other functions. Demands 
that aren’t being completely filled by 
the double Tee's, the Tee joists or 
panel sections. 

The industry soon became aware 
that a prestressed hollow core flat 
slab was needed. 

Of course hollow core slabs have 
been made for several years now. 
These hollow core slabs were made 
by many different systems—some in 
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fixed forms—some in movable forms. 
The big variation is in the coring 
system. There have been cores made 
with round paper tubes, square 
tubes, plastic tubes. There are also 
pneumatic inflated tubes. Some of 
the void materials have been left 
in the forms, others are withdrawn. 

These products were preceeded by 
flexi-core which is a reinforced con- 
crete product. It has attained a sur- 
prisingly large productive capacity, 
and large sales all over the country. 
The prestressed concrete industry 
could not help but look at the very 
fine success that had been attained 
by this reinforced product, and nat- 
urally evolved a system to do it 
with prestressing. 

Many producers today make such 
a product, usually by the wet meth- 
od, where wet concrete is poured 
into a fixed mold. They have made 
a product that is far superior to a 
reinforced concrete hollow core slab. 
It has taken care of the problem 
of heavier loads, and also the prob- 
lems of camber and deflection. 

The success of the industry with 
the hollow core slab, has convinced 
various people that have been work- 


Fig. 1 Slip form extrusion machine casting a key- 
stone joist in an inverted position. The members 
are cast so dry that they can be walked on upon 
leaving the machine. 
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slab currently in production. 


ing on automation to do the same 
thing. 

The results so far have attained 
savings in costs when compared to 
reinforced concrete hollow core 
slabs, even with the difficulties of 
handling the tubes. 

In spite of those difficulties, the 
hollow core industry has got a very 
firm foothold in the construction 
market in the last two or three 
years—on a cost and quality product 
basis. 

It looks now as though the indus- 
try will take another step, which is 
coming very fast, that is to produce 
the same product completely auto- 
matically. | suppose, however, five 
years from now we will be looking 
upon our crude attempts and say, 
well, we sure missed the boat back 
there. But it looks very attractive 
today because we have available 
several processes by which we can 
make a continuous product of a hol- 
low core cross-section, using a more 
efficient concrete mix and making a 
stronger product. The systems actu- 
ally produce a much larger yearly 
production volume, with less capital 
investment. 

On that basis it is easy to predict 
that the industry is going to go very 
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strong for the hollow core slab with 
its various systems of automation. 

Now, the title of our general dis- 
cussion here is Extrusion. You might 
say that concrete can be extruded— 
at least, under certain conditions. 
The layman thinks—and we all 
think—of squeezing toothpaste out 
on your brush—as an example of 
extrusion. You can put a pressure 
on a plastic mix that will force the 
product through a die. If it were 
stiff enough, as the toothpaste is, 
you could have a hollow core ex- 
trusion in there. Spaghetti is an ex- 
ample of what you could consider 
an extruded product. There are in 
addition a great many products that 
are extruded. 

If you take a pile of rock and 
sand and mix them up and put that 
in a container with a die on one 
side of it and put a lot of pressure 
on it, you will not squeeze it out 
through the die, or through the ori- 
fice. You will break the container 
before you will squeeze it through. 

Of course, concrete is a plastic to 
a degree. Our cement gives us a plas- 
tic jell. The problem presented to 
the industry, is to take these rather 
hash mixtures of low slump and be 
able to extrude them, or make them 
float through a particular shape that 
you are interested in. 

Due to these difficulties, we have 
several processes in which hollow 
core slabs are made, and of course, 
the easiest one to visualize is a sim- 
ple slip-forming system. 

We are all familiar with the slip 
forming that has been going on for 
years in silo work. The concrete mix 
is poured into a vertical form which 
is moved up either continuously 
or intermittently. Here the mix con- 
rol is not too great, you are not 
producing a void, and the pour is 
vertical. 

Slip forming can also be done in 
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a horizontal position, where you 
pour into a form which moves along 
the bed. This has been done in road 
work successfully, largely 
where the edges are slip formed 
and the top is screened off. 

A core section can be placed into 
any mold, if the concrete is fluid 
enough and vibrated, it will flow 
underneath the core, which then 
can be pulled along. This is one of 
the systems that is being developed. 
It is strictly a slip-forming system. 

Then there are many modifica- 
tions to this system, with variations 
in the feeding, or forcing, and pro- 
cedures for making the concrete 
plastic. 

In the very dry mixes we can 
actually create a conditioned mix 
to float. When you pick up the mix 
in your hand, like a block mix it 
looks and feels perfectly dry. How- 
ever if vibration is used to produce 
a degree of plasticity that is com- 
bined with pressure, the mix can 
be made to float. 

We are all familiar with the work 
that vibration plays in reinforced 
concrete work. We have found with 
heavy vibration it is possible to get 
a combination of extrusion and slip- 
forming. However, the industry likes 
the word “extrusion,” so I suppose 
we will have the name of extrusion 
with us from now on for all of our 
systems. 

As regards to the shapes that can 
be produced, it is possible to ex- 
trude or slip-form a great many 
shapes. Right now the industry is in 
a stage of finding out the economics 
of the various shapes. 

Several different shapes have 
been produced by continuous slip- 
forming or extrusion. The I-section, 
the inverted T, the channel section, 
flat slabs, and Keystone joists have 
all been produced. Those are all rel- 
atively easy since they have no 


49 


A 
| 
| 
= 


Fig. 3 Pilot plant in Tennessee 
with casting machine in operation. 
Electrically operated machine runs 
right on the concrete bed using 
the prestressed strands as guides. 


Fig. 4 Close-up of the wire side 
of the machine showing the guide 
which steers the machine along 
the strand. 


Fig. 5 Load test for completed slab. 
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voids in them. 

So the industry right now, due 
to economic reasons, is sort of let- 
ting these simple shapes sit on the 
side a little bit and has gone to the 
more difficult task of extruding a 
hollow core product. 

Of course, the reason is that there 
is a terrific market for the very effi- 
cient hollow core section. It can be 
produced at an extremely low cost, 
and therefore a great deal of effort 
has gone into the hollow core plank. 

The accompanying photographs 
were supplied by David Dodd, who 
is a pioneer in the field of heavy 
vibration on a dry mix. These will 
help to illustrate the current status 
of the industry. 

In summary I believe the auto- 
matic production of hollow core 
slabs has progressed very fast and 
believe it will continue to grow as 
its acceptance and use is expanded. 


I believe it will be followed by the Fig. 7 Production line set up in Syracuse, 
same type of machine producing a 
solid plank. This machine, however, 
i wouldn't travel at 3% feet per min- 
ute but it will produce economical 
plank at 7 feet per minute. 


New York plant. 


Fig. 6 Machine in operation laying the 
cored slabs on a simple concrete pallet. 
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Fig. 8 Machine in operation on the 
production line. 


Fig. 9 Machine finishing up on one 
line and being moved to the next 
by a gantry crane. 


Fig. 10 Machine starting up third 
line. Note the simple strand anchor- 
age required because of the low 
prestress force and low overturning 
moment. 
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Fig. 11 Cut-off saw that cuts the 
slabs to required length. Usually 
cut the day following casting and 
then removed from the bed. 


Fig. 12 Close-up of the cutting 
operation. 


Fig. 13 Cutting operation in the 
plant employing a double cut. 
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Credits: Architect: Louis |. Kahn, F.A.I.A.; Structural 
Engineers: Keast & Hood; Consulting Structural 
Engineer: Dr. August E. Komendant; Prefabricator: 
Altantic Prestressed Concrete Co.; General Con- 
tractor: Joseph R. Farrell, Inc. Photos: Stressteel 
Corp. 
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Precision casting 
at low slumps 
with Plastiment 


~ Construction men position Stressteel bars in 
girder prior to post tensioning. 


Tue THREE 8-story prestressed towers of the new University of 
Pennsylvania Medical Research Building mark a significant mile-post 
in the field of precast concrete building construction. These towers 
abut a cast-in-place central structure. Concrete elements consisted of 
precast, prestressed trusses, girders and columns. The entire structure 


is tied together vertically and horizontally by post-tensioned Stres 
steel bars. 


Close tolerances, smooth surface finish, and precision fitting 
of the pieces were achieved. Using slumps which never exceeded 3 
inches, Plastiment provided the necessary high degree of workability 
and uniform quality in both precast and cast-in-place concrete. 


Where slumps of the lowest possible order are required while 
maintaining practical degrees of workability, Plastiment is the answer. 


For full details, contact your local Sika representative or write for 
Bulletin PCD. 


ICAL CORPORATION 


Passaic, N.J. 
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The machine can be stopped for loading or it 
can be loaded while in operation. 


Fig. 15 Load test conducted in Syracuse. 
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Electrothermic Method of Pretensioning 
Bar Reinforcement of 
Precast Reinforced Concrete 


by B. G. Skramtaev* 


Presented at the Sixth Annual Convention of the 
Prestressed Concrete Institute 


Precast standard prestressed rein- 
forced concrete structural units are 
being manufactured in the USSR in 
large quantities on continuous pro- 
duction and conveyor system lines. 
The tensioning of bar reinforcement 
by means of jacks requires large ex- 
penditures on equipment and much 
labor. Therefore, under conditions 
of mechanical tensioning it is very 
difficult to organize mass production 
of prestressed reinforced concrete 
structural units. 

Recently the situation has radi- 
cally changed due to broad appli- 
cation in the USSR of the electro- 
thermic method of prestressing the 
reinforcing bars. 

This method employs heating of 
the reinforcement outside the molds 
and subsequent cooling in the 
moulds. This procedure was worked 
out in the Mosgorispolkom Munici- 
pal Research Institute of Reinforced 
Concrete Products. 

The theory of this method con- 
sists of prefabricating reinforcing 
bars which are shorter than the dis- 
tance between mould anchorages 
(fig. 1). After being heated by elec- 
tric current the bars extend and be- 
come longer than the distance be- 
tween anchorages and are, therefore, 
*Doctor of Technical Sciences 

USSR Academy of Construction and 


Architecture 


Moscow, U.S.S.R. 
September, 1961 


quite easily laid into moulds. In cool- 
ing the bars try to shorten and thus 
are tensioned to the given degree. 

The degree of prestressing de- 
pends upon the original difference 
between the length of the bar end 
anchors and the distance between 
the supporting surfaces of mould 
anchorages. Consequently the exact- 
ness of prestressing depends on the 
accuracy of these dimensions. 

In order to provide accurate di- 
mensions, the anchors on the rein- 
forcing bars as well as the anchorag- 
es of the moulds are placed with the 
help of special gauges. However, 
even in this case some deviations 
from the given degree of elongation 
are inevitable. Therefore it became 
necessary to investigate the effect 
produced by allowable tolerances of 
the degree of prestressing. 

In determining the allowable de- 
viation from the required initial pre- 
stressing use was made of the 
specific features of the bar reinforce- 
ment which distinguish it from high 
tensile wire. 

In structures with high tensile 
wire the appearance of cracks is fol- 
lowed by increasing deflections 
which may be explained by a very 
low percentage of reinforcement. 
Consequently in members, where 
there is danger of corrosion this 
should be taken into consideration. 

Bar reinforcement used in pre- 
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Fig. 1—Simplified diagram of electrothermic pre- 
stressing. 


stressed concrete has relatively large 
diameters (12-30 mm) (.47-1.18 in) 
and considering the danger of corro- 
sion, it is as susceptible as any kind 
of hot rolled steel used in reinforced 
concrete without prestressing. More- 
over in constructions with bar rein- 
forcement of 30XC2S type the ac- 
cumulation of deflections after the 
appearance of cracks increases with 
less intensity than does high ten- 
sile wire (fig. 2). Therefore in most 
structures prestressed with bar rein- 
forcement, cracks up to 0.2 mm 
wide are allowed to appear during 
loading. In such cases it is only nec- 
essary to ensure sufficient rigidity of 
construction and to restrict the ex- 
pansion of cracks; which is why pre- 
stressing is used. 

In many mass produced reinforced 
concrete units these requirements 
are satisfied during the initial pre- 
stressing of 30-40 kg/mm? (42,500- 
57,000 psi). At the same time the 
initial prestressing of reinforcement 
may be brought up to 90 per cent 
of the yield point which for streng- 
thened steel of grade 25G2S and 
30XG2S means 50-54 kg/mm? (71,- 
000-77,000 psi). Thus it becomes 
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possible to create conditions of large 
allowed steel stress deviations which 
are not usual for prestressed rein- 
forced concrete. Stresses within these 
allowances are ensured by using 
special gauges: e.g. for ribbed floor 
slabs the accepted initial prestress- 
ing force is no less than 36 and no 
more than 52 kg/mm‘. 

The checking of the degree of ini- 
tial prestressing was carried out on 
a large number of bars. This was 
done by means of tensometers 
placed at the ends of reinforcing 
bars not subjected to heating. Mass 
testing carried out by many plants 
has shown that with the accepted 
methods of using accurate gauges 
for the placing of anchors on the 
bar ends and for fixing the mould 
anchorages; the degree of initial pre- 
stressing never exceeds predeter- 
mined limits. 

At the present moment the elec- 
trothermic method of pretensioning 
the bar reinforcement is in use in 
many Soviet plants. In Moscow 
alone over 3 million square meters 
(32 million sq. ft.) of precast floor 
slabs are being produced per an- 
num by means of this method. 
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Fig. 2—Graph of deflection versus moment for 


bars (3) and strands (1). 
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Fig. 3—Five different types of anchors used at the ends of the prestress bars. 
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Fig. 4—Bar heading machine. 


Fig. 5—Hinged self locking form. 
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Depending on local conditions dif- 
ferent anchors at the ends of the 
bars and different mould anchorag- 
es are being used (fig. 3). Anchors 
in the form of heads and _ fixed 
anchorages of the fork type are most 
commonly used. Heads at the ends 
of reinforcing bars are accomplished 
by machines usually used for butt 
welding reinforcing, with additional 
clamping and up-setting pneumatic 
cylinders (fig. 4). 

During a 7-hour shift two workers 
can head, by means of a machine, 
from 800 to 1000 bars. Before head- 
ing the bar is usually capped with a 
washer which insures uniform distri- 
bution of pressure on the mould an- 
chorages. In order to have adequate 
strength the heading has to be ex- 
actly symmetrical to the bar axis. 

Where the need for reinforcing 
bars is comparatively low the anchor 
is made by welding to each end of 
the bar two short pieces of reinforc- 
ing waste, 40-45 mm long, and 14- 


18 mm in diameter. At some plants 
equipped with mould-cars and dow- 
els for continuous wire winding, the 
bar anchors are made in the form 
of welded loops made of flat steel. 
This makes it possible to use the 
same cars for winding high tensile 
wires and tensioned bar steel. 

The “Barricade” factory in Lenin- 
grad uses multi-purpose stock clamps 
of the wedge type. (fig. 3) 

In all the cases described above, 
with moulds having fixed anchors, 
after the concrete has acquired the 
predetermined strength of 150-200 
kg cm 2( 2100-2800 psi) the ends of 
the bars are cut off thus transferring 
the prestressing to the concrete. 

There are some other solutions 
where additional economy is 
achieved by eliminating the rein- 
forcement cutting. 

Here are two examples. 

For manufacturing cored floor 
slabs one plant uses trays which take 
up the prestressing stress and also 
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Fig. 6—Use weld plates to fix prestressed reinforcing to the form. 
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allow the upper part of the mould 
to be taken off directly after plac- 
ing and compacting the concrete. 

The tray is provided with thrusts 
in the form of segments which are 
placed in the concrete (fig. 5). 
When the concrete has acquired suf- 
ficient strength the tray with the 
precast product is put on the form- 
work post and the projections are 
rested upon special thrusts. Due to 
the weight of the tray with the slab, 
the projections open and the mov- 
able end of the tray rotates in rela- 
tion to the fixed part of the tray. 
The thrust then comes out from the 
body of concrete and the slab tears 
away from the tray as well as from 
the fixed thrusts placed at the oppo- 
site end of the tray. The slab is then 
taken from the tray by a crane. 

Another example takes advantage 
of the insert details used for fixing 
the slabs to roof trusses or beams. 
When there is no prestressing, longi- 
tudinal reinforcement and addition- 
al anchoring bars are welded to the 
angles ( fig. 6-a). 


When the members are _pre- 
stressed with reinforcing bars the 
insert angles are used as anchors to 
fix the bars temporary on the mould 
without any projection of prestress 
reinforcing from the concrete. To 
accomplish this a hoop is attached 
to each end of the prestress rods. 
(fig. 6-b). 

Therefore a space is formed be- 
tween the angle, the reinforcement 
and the hoop bar and into this space 
a wedge is inserted which transfers 
the prestress force to the form 
while the concrete is acquiring 
the predetermined release strength. 
These wedges are inserted after 
placing the heated reinforcement 
into the mould. 

Upon cooling and shorting of the 
reinforcement the supporting angles 
set against the wedges and _ pre- 
stress forces develop in the reinforce- 
ment. The tension forces are trans- 
ferred through the wedges of the 
steel mould. After the concrete has 
acquired its predetermined strength 
the wedges are knocked out and the 
prestressing is transferred to the con- 
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Fig. 7—Methods used to turn off the current used in heating the prestressed 


reinforcing. 
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crete. 

Reinforcing bars are heated on 
special installations equipped with 
transformers which are similar to 
those used for electric welding. Heat- 
ing is accomplished by connecting 
contracts to the bars in two points 
at the center of the bar, some dis- 
tance from the ends. During the 
process the central part of the bar 
is heated up to 250-350°C (420- 
600°F ) while its ends remain cold. 
This permits the placement of the 
heated bars in the mould without 
any special equipment. Tight con- 
tact of the electrode with the bar is 
ensured by a pneumatic press. 

Research has shown that the heat- 
ing of the above mentioned types 
of steel to temperatures of 460-500° 
C (780-870°F.) does not reduce 
their strength. While heating is be- 
ing carried out, special measures are 
taken to prevent temperature rise 
above the predetermined degree. To 
accomplish this one contact on the 
bar remains fixed during heating 
while the other one moves together 
with the elongation of the bar (fig. 
7). When the predetermined elonga- 
tion is reached a switch cuts off the 
current and the heating automati- 
cally stops. Some heating installa- 
tions have in addition a device with 
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Fig. 8—Diagram showing effect of electrothermic 
prestressing on reinforcing cage. 
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Fig. 9—Precast cored slab. 


a pointer indicating the elongation 
of the bars during heating. One in- 
stallation simultaneously heats from 
2 to 6 bars depending on the type 
of reinforced concrete construction 
that is being produced. Heating usu- 
ally lasts from 2 to 4 minutes. 

Heated bars are then placed into 
the mould thrusts where they cool 
and acquire the predetermined ini- 
tial prestressing. Under usual work- 
shop conditions the cooling from 
250-350°C to 80-90°C lasts 12-15 
minutes. It may be accelerated by 
means of artificial cooling. Concret- 
ing is allowed when the temperature 
is lower than 90°C. (130°F.). 

Heating may be applied not only 
to separate reinforcing bars but also 
to bars constituting elements of 
welded frames. Here part of the 
auxiliary reinforcement is being heat- 
ed but during cooling only the pre- 
stressing steel having end anchors 
is stressed. Due to the flexibility of 
the assembly disturbance of the 
welds never occurs (fig. 8). 

The application of bar reinforce- 
ment to mass produced prestressed 
concrete structural units has its own 


PCI Journal 


SOY 
° — J 
| 
= 
| 
= 


structural and technological charac- 
teristics which must be taken into 
consideration when organizing the 
production processes. Let us take 
some typical examples. 

In the USSR the most commonly 
used structural element for housing 
is the cored floor slab. The electro- 
thermic method of tensioning as pre- 
viously described is used in manu- 
facturing these members. 

Formerly the practice was to 
make cavities of a circular cross sec- 
tion; recently the cavity is increased 
by welding channels to the bottom 


of the void-forming plungers. The 
height of the slab is also reduced by 
10 mm at the expense of the thick- 
ness of the upper flange. This de- 
creased the consumption of concrete 
by 18 per cent (fig. 9). Adequate 
placing and compacting of the con- 
crete is ensured by internal vibration 
of the plungers. The prestressed re- 
inforcement is 12 and 14 mm in di- 
ameter and is placed into every 
second or third rib of the slab. 
When transferring the prestress 
force to the concrete the sectional 
reinforcement compresses the con- 
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Fig. 10—Precast ribbed floor slabs. 
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crete and, at the same time, tries to 
split it. If special measures are not 
taken, cracks may appear and de- 
velop on the end faces of the slabs. 

In order to prevent cracking in 
cored slabs at their end faces, weld- 
ed meshes of cold-drawn wire 3 or 
4 mm in diameter are laid. These 
meshes are only 0.3 m long and 
have produced excellent results. 

As another example let us take 
the ribbed floor slab. Dwelling 
houses as well as civil buildings ob- 
viously require slabs with smooth 
surfaces for the ceilings and floors. 
Such requirement is completely sat- 
isfied by cored slabs. As to the floors 
between basements and ground 
floors here smooth surface is needed 
only for the floor. For such floors it 
is quite possible to use not the cored 
but the ribbed slabs which reduce 
the consumption of concrete by 28- 
38 per cent and which cost 25 per 
cent less. 

Due to prestressing the ribbed 
slab may have the same height as 
the cored one (220-210 mm) which 
ensures interchangeability. 

Prestressed ribbed floor slabs are 
trough-like in shape with ribs locat- 
ed along the perimeter (fig. 10). 
Each longitudinal rib is reinforced 
with prestressed reinforcement com- 
prised of 1 bar 14 mm in diameter, 
grade 30XC2S, and with non-pre- 
stressed reinforcement consisting of 
1 bar 10 mm in diameter, grade 
25C2S. 

End ribs are of the same height 
as the longitudinal ones in order to 
ensure the direct transfer of pressure 
from walls without additional work 
on the job. But, as it is well known, 
the transverse rib after transfer of 
the prestress force is pressed into 
the mould projection which prevents 
the free shortening of the concrete, 
and complicates the striking of the 
formwork. And indeed in the proc- 
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ess of striking the forms of the first 
experimental slabs, cracking almost 
always appeared at the intersections 
of longitudinal and transverse ribs. 

Investigations have shown that the 
striking of slabs after the transfer of 
prestressing to the concrete is effect- 
ed by the angle of slope of the in- 
ternal facet of the transverse rib. 

When this internal facet has but 
a very slight slope prestressing as- 
sists in releasing the product from 
the form. 

The value of the critical angle 
which is called “the angle of self- 
striking” depends upon the ratio of 
prestressing force to the product's 
weight and upon the coefficient of 
friction of concrete against the steel 
form. This coefficient includes not 
only friction but also the possible 
cohesion of concrete with the sur- 
face of the form. 

Calculations and experiments have 
shown that for ribbed slabs the an- 
gle of slope of the internal facet of 
the end rib should be about 45°. 
After the forms with the correct an- 


‘gle have been manufactured the 


striking goes on unimpeded and no 
cracks appear. 

To prevent the splitting of con- 
crete in narrow ribs, spirals about 
50 mm in dia. 300 mm long, of 
wire 3 mm in dia., spaced at 25-30 
mm, are put on the ends of the pre- 
stressed reinforcement. 

In addition to cored and ribbed 
slabs prestressed floor beams and gir- 
ders are also being produced. These 
girders are 6 m long with a 160 x 
600 mm cross section and are de- 
signed for a uniformly distributed 
load of 3000 kg/m. 

By substituting prestressed steel 
30X2S for ordinary reinforcing steel 
which has yield points of 25-40 kg/ 
mm* the consumption of steel for 
each girder is more than halved. 

The main reinforcing of a girder 
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Fig. 11—Multiple girder form. 
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Fig. 12—Electrothermic prestressing within the moulds 
(forms). 
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consists of 3 bars, 14 mm in dia., 
placed at different levels within the 
girder (fig. 11). 

In order to avoid splitting, a small 
turned-up mesh is used at the ends 
of the girders. 

The girders are manufactured in 
a multiple form consisting of 10-20 
sections and placed in steam curing 
chambers. During the curing time 
the prestress forces are resisted by 
the steel construction constituting 
the lower part of the form. (fig. 11) 

This report has dealt chiefly with 
the electrothermic method of pre- 
stressing bar reinforcement with 
heating accomplished before placing 
in the mould. However, heating re- 
inforcing in the moulds has also been 
studied. The first experiments with 
reinforcement heated in the moulds 
were carried out in the USSR, in 
Cheliabinsk, by the Ural branch of 
the USSR Academy of Construction 
and Architecture. Later on in Mos- 
cow the method of tensioning with 
reinforcement heated outside the 
form was worked out, and this meth- 
od proved itself as being simpler as 
well as cheaper and is now used 
everywhere. However in some cas- 
es heating within the moulds ap- 
pears to be quite efficient. When 
using this method the bars are made 
somewhat longer than the distance 
between thrusts for easy placement. 
(fig. 12). The possible inequality in 
the length of the bars is then elimi- 
nated by the driving in of thin “lev- 
elling” forked washers between the 
anchors of the bar and the thrust. 
After this operation the current is 
switched on, the bars freely elongate 
and their anchors move off from the 
thrusts of the mould. When the bars 
have sufficiently elongated a “meas- 
ured” washer is inserted whose thick- 
ness corresponds to the predeter- 
mined extent of the reinforcement 
elongation. After placing the “meas- 
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ured” washer the current is cut off 
and the reinforcement becomes 
stressed upon cooling. It is obvious 
that the ends of the reinforcing bars 
which are in the thrusts have to be 
isolated from the steel form. No con- 
tact between the central part of bars 
and the form is allowed either. 

The drawback of this method hes 
in the increase of the labor for the 
manufacture of the structural de- 
tails. This increase is due to the ap- 
plication of the portable contacts, 
insulation of thrusts, and use of ad- 
ditional washers etc. 

In mass production of prestressed 
details of comparatively small di- 
mensions (6-8 m long) it is advis- 
able to heat reinforcing bars aside 
and then carry them hot to the form. 

In case of long details, piles, masts 
etc., when to carry long hot bars 
presents some difficulty the heating 
of bars on forms may be quite suc- 
cessfully applied. 

Up to the middle of 1959 the 
electrothermic method of tensioning 
reinforcement of prestressed con- 
crete structures has been used for 
manufacturing slabs of a length up 
to 7m. 

Further development of this meth- 
od has shown that good results may 
be attained for longer structures. 
At present in the USSR various struc- 
tures are being manufactured: truss- 
es and roof beams, large-size slabs, 
piles, posts and others by tension- 
ing of the reinforcement by the elec- 
trothermic method. The tensioning 
is accomplished by the wires cool- 
ing and is completed before the plac- 
ing and hardening of the concrete 
mix. In all cases heating of the rein- 
forcement outside of the moulds has 
been found cheaper and reduces la- 
bor requirements. As an illustration 
three examples of prestressed struc- 
tures are used: i.e. roof beams of 
industrial buildings with a 18 m 
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span, roof trusses with a 12 m span, 
and large size double I-section slabs. 

The 18 m span roof beams have 
a curved upper edge approaching a 
parabola. This curve creates condi- 
tions for ideal moment resistance. 
The beam is of I-section with the 
main stressed reinforcement in the 
lower flange plus some in the web. 
The rest of the reinforcement which 
has not been prestressed, is made 
in the form of welded screens and 
cages. (Figures 13, 14, and 15) 

Two beams are manufactured si- 
multaneously, on a stand, in a hori- 
zontal position. The prestress forces 
are resisted by anchor plates in the 
reinforced concrete beam placed be- 
low the mould. 

A removable steel insert is placed 
between the manufactured beams 
for performing simultaneous electro- 
thermic heating of two 14 mm bars. 
The installation consists of two con- 
tacts with eccentric springs and in- 
sulated rolls, which prevent sagging 
of the bars. The transformers are 
placed between the mould pairs. 
From the side of one of the contacts 
is a terminal switch, automatically 
cutting off the current after the re- 
quired lengthening of the reinforc- 
ing bars during their heating. 

Roof trusses 12 m long are de- 
signed for one-story industrial build- 
ings with a column spacing of 12x24 
m. They support beams which span 
24 m and are spaced every 6 m. As 
the production of these roof trusses 
was started after mastering the man- 
ufacture of the roof beams, several 
improvements were made in their 
production. 

The bottom flange of the truss is 
reinforced by 10 stressed bars of 
low alloy steel with a 22 mm. dia. 
The other parts of the truss are com- 
pressed under load and are not pre- 
stressed; they are reinforced with 
welded three-dimensional cages. 
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(Figures 16, 17, and 18) 

The moulds are designed so that 
two trusses are manufactured simul- 
taneously. The tension forces of the 
reinforcing bars are resisted by the 
fixed spacer placed between the 
lower flanges of the two moulded 
trusses. This steel spacer is part of 
the mould, which is freely support- 
ed on the bottom supports. During 
steam curing the mould is heated 
simultaneously with the tensioned 
bars and tensioning is not weakened 
as it is with concrete supports. 

The middle spacer also serves as 
part of the moulds as it forms the 
lower surface of the truss. Due to 
this the bending forces in the spacer 
are very low. 

The outer side of each half of the 
mould is made as an integral mem- 
ber, and is pulled away from the 
hardened concrete by four screw- 
type hand-wheels. 

The spacer and outer sides of the 
mould have steam ducts for contact 
heating of the concrete plus the 
entire mould is placed in a steam 
chamber. 

Large-size double-T-section panels. 
When these structures were being 
made we took into account available 
experience in U.S.A. where double 
T-section slabs are usually made 1.2 
m (4 ft.) wide. (Figures 19, 20, 
and 21) 

Taking into account the advantage 
of employing large-size precast 
members and the availability of 
transport and assembly machinery in 
the USSR, double T-section panels 
are made 3.0 m (10 ft) wide, 9, 12 
and 15 m (30, 39, 49 ft) long and 
45 and 60 cm (18 and 24 in) high. 

The long panels as are the previ- 
ously mentioned beams and _ roof 
trusses are made of concrete of a 
strength of 350 kg/cm? (5,000 psi). 
The strength of the concrete during 
transfer is not less than 225 kg/cm? 
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Fig. 13—Forms for manufacturing 
curved roof beams. 


Fig. 14—Reinforcing in place in 
roof beam forms. 


Fig. 15—Completed roof beams. 
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Fig. 16—Roof truss forms. 


Fig. 17—Completed trusses being stripped from the 
forms. Note wheel on screw device for pulling top 
form away from concrete. 


Fig. 18—Completed truss being lifted from 
form. 
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Fig. 19—Completed double tee’s. An end diaphragm is cast with the tee to stiffen the slab edges. 


(3,200 psi ). 

The average concrete thickness 
is 8 cm for a length of 9 m, and 
10 cm for 12 and 15 meters. The 
panels are designed for live loads 
of 350 and 600 kg/cm? (123 psf). 

Taking into account the width of 
the panel, low transverse ribs are cast 
at the ends to prevent damage to 
the thin slab during transportation 
and erection. 

The stressed working reinforce- 
ment of each of the two ribs of the 
panel consists of 4-8 bars of low 
alloy steel, 14 mm in dia. 

The panels are manufactured in 
separate steel integral moulds, 
which also resist the stressing forces. 
The moulds are placed in steam 
chambers. The entire cycle of panel 
manufacture, including steam curing 
does not exceed 20 hours. 

We consider it expedient to have 
a special mould for each standard 
size, without using inserts, as done 
in the U.S.A. This is explained by 
our guaranteed sale of products and 
obtained economy. 

The machinery for electric heat- 
ing of the reinforcing bars is porta- 
ble so that one heating installation 
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is used for several moulds. 

The hot bars are carried from the 
heating installation to the mould by 
3 or 4 workers, two holding the bars 
by hooks. Heating and placing of 
one pair of reinforcing bars into the 
mould takes about 4 minutes. 

In our building practice we also 
post-tension the reinforcing bars in 
set concrete. The reinforcement is 
laid, without coating, in opened or 
closed channels. 

The main characteristic of the So- 
viet method of electrothermic post- 
tensioning is that tensioning without 
coating has been worked out and is 
widely used as distinct from post- 
tensioning the reinforcement with 
coating as suggested by Germany 
and USA but not used in practice. 

In conclusion we should like to 
say that no new method of prestress- 
ing was ever mastered with such 
speed by numerous enterprises and 
in construction jobs in different 
parts of the Soviet Union, as that 
of electrothermic tensioning during 
the last 18 months. 

In the USSR electrical heating is 
now beginning to be used in preten- 
sioning high tensile wire also. 
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Fig. 20—Transporting tee’s to the job site. 
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Fig. 21—Typical erection procedures. 
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Tall Precast Concrete Towers 


by Franz Sauter 


San Jose, Costa Rica, was selected 
as the site of the 15th World Ama- 
teur Baseball Games scheduled for 
April 1961. For this special event it 
was necessary to recondition the 
Antonio Escarre Baseball Stadium. 
This necessitated the construction 
of ten towers for night lighting with 
a required height of 100 feet above 
ground level. 

The original idea of using steel 
poles of a tubular cross-section was 
discarded because of the high im- 
port cost. A conventional steel angle 
open-truss structure was planned 
with a base width of 9.5 feet, de- 
creasing gradually to a 1.0 foot 
width at the top; but this design 
presented no outstanding character- 
istics. 

Productos de Concreto Ltda. pre- 
sented an alternative design in post- 
tensioned concrete, providing for 
the construction of the towers at the 
job site in a horizontal position and 
the final erection by means of a 
crane and proper equipment. 

For the definite acceptance of this 
scheme various factors were taken 
into account. Economy: a compar- 
ative cost analysis showed a favor- 
able difference for the prestressed 
towers which determined the choice 
of the type of structure. Time: the 
time available for the completion of 
the whole project, including the 
planning, was only 2% months. With 
this time limit it would have been 
impossible to construct the towers 
as a steel structure, because of the 
difficulty in obtaining the required 
rolled angle sections locally, and be- 
cause of the time involved in the 


* Manager, Productos de Concreto Ltd. 
San José, Costa Rica. 
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preparation, welding and_ shop-as- 
sembling of the tower sections prior 
to their erection. Appearance: 
esthetic reasons were also a deter- 
mining factor as the post-tensioned 
concrete design was especially trim 
and slender and would be an out- 
standing feature and symbol of the 
15th World Amateur Baseball 
Games. 

The towers are a rectangular hol- 
low section; their width varies from 
2 ft. 9 in. at the base to 1 foot at 
the top. The wall thickness of the 
box-section is 5 inches and remains 
constant through the whole length, 
except for a 13 foot section at the 
top, which is solid. The total length 
of the towers is 104.6 feet, rising 
100 feet above ground level. Each 
one was prestressed with 8 post- 
tensioning tendons consisting of 12 
wires 5.4 mm. (0.215 in.) in di- 
ameter. The LEOBA-prestressing 
method was employed with an in- 
itial prestressing force of 420 kips. 
Four of these cables are continuous 
throughout the length of the tower 
and the remaining four cables are 
anchored at about 56 feet from the 
base. A concrete strength of 5000 
psi. was used. 

The foundations are plain, rubble 
concrete footings 10.5 x 10.5 ft. with 
a variable depth of 6 to 10 ft. de- 
pending on the soil conditions. A 
square hole 3.5 ft. wide and 4.6 ft. 
deep was left with a lateral sloped 
ramp to facilitate the placing of the 
tower during its erection. 

The embedded length of the tower 
in the foundation is only 4.6 ft. and 
was done by filling the free space 
in the hole with concrete once the 
tower was in the final vertical posi- 
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100 ft. prestressed light towers. 
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tion. High-early-strength-cement and 
a very dry mix with a low shrinkage 
factor was used for the concrete in 
the anchoring zone in order to ob- 
tain the required strength of 2500 
psi in 14 hours. This enabled the 
removal of the guy cables and the 
erection equipment which held the 
tower in position during the harden- 
ing of the concrete. In this manner 
it was possible to quickly move the 
equipment to the next tower. The 
foundation is not reinforced except 
for a nominal amount of steel; large 
size boulders were used with the 
1500 psi concrete. 

The tower was picked up and 
erected at a point 29.5 ft. from the 
top. Suspended in this position the 
tower had to resist very unfavorable 
conditions which it will probably 
never have to resist again during all 
its life. It was necessary to admit 
temporarily higher stresses than per- 
missible (tension 650 psi, compres- 
sion 3100 psi) but the safety factor 
against rupture remained ample. 
In spite of suffering strong impact 
loads, such as the free fall from a 
height of two feet, the towers be- 
haved in every sense as expected 
and demonstrated clearly the high 
resilience of prestressed concrete, 
ie. the ability to resist large over- 
loads and recuperate after removing 
them. The wind design load was an 
average of 25 lbs/sq. ft. of tower 
surface and 65 lbs. per reflector. 
Each tower was provided with a 
total of 32 reflectors. 

Due to the lack of adequate 
equipment, the erection presented 
problems which fortunately were 
overcome by careful planning of all 
operations. A 10-ton crawler crane 
with a 75 ft. boom raised the 
towers to approximately a 70° po- 
sition. The final erection was com- 
pleted by pulling on a winch with 
a D-8 Caterpillar. tractor; lateral 
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stability was achieved by guy cables 
attached to smaller tractors. The 
total weight of each tower is 21 Ls 
tons, and the reaction at the lifting 
point was 11 tons. A total of 10 
towers were erected without ac- 
cidents or faults of any kind at an 
average of one per day. 

The design was done by the 
author. The supervision of construc- 
tion and erection and all post-ten- 
sioning was carried out by Produc- 
tos de Concreto Ltda., San Jose, 
Costa Rica. Labor and equipment 
were supplied by the Public Works 
Ministry, who took an active part 
in this project and who through en- 
thusiastic acceptance of our design, 
made possible the realization of a 
project which is singular in its type 
in Central America. 


Erecting tower with a small crane and a cele 
pulled by a dozer. 
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PROCEEDINGS PAPER 


“The Philosophical Creative Approach’ 


by Louis |. Kahn* 


Presented at the Sixth Annual Convention of the 
Prestressed Concrete Institute 


I should like to talk about pre- 
stressed concrete, not as an engi- 
neer and one who even knows in- 
timately the meaning, internal 
meaning, of concrete but as it im- 
presses me and impresses many, 
many architects. What impresses me 
is the wonderful plasticity of con- 
crete in general and the acceptable 
finish that concrete gives. 

When I visited the work as it 
was going on in the Medical Center, 
the one thing that bothered me most 


*F.A.LA. 
Philadelphia, Pennsylvania 


of all was the presence of the crane 
that kept always humiliating the 
little things that were on the job 
that built the building. The columns 
always looked like matchsticks be- 
cause the crane was so powerful 
in lifting the very heavy members, 
and they seemed as though they 
weighed nothing. 

I resented it because I wasn't 
familiar with it. One day I had to 
wait some little while and I sudden- 
ly realized that the crane was a 
powerful instrument that was noth- 
ing but an extension of your arm. 
The crane is a design maker which 


Medical Research Laboratories, University of Pennsylvania. 
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can actually motivate and create for 
you if you only but used it as your 
servant instead of your enemy. I 
began to visualize the wonderful 
things that can come from, right 
from the start, considering your de- 
sign in terms of the crane. 

I was not satisfied, then, with 
lifting only twenty-six tons or fifty 
tons, but I wanted to lift a hundred 
tons, 150 tons and even more. 
Through the encouragement of my 
engineers, Dr. Komendant and 
Keast & Hood, they told me this 
was all very possible. 

What does it mean, architectural- 
ly? The architect reasons in terms 
of columns as a series of members 
which give him a musical rhythm. 
Columns which are a hundred feet 
apart are a different kind of rhythm, 
its a boom-boom rhythm which 
isn’t the delicate flowing rhythm of 
the Parthenon and other buildings 
of old. 

I began to visualize what this 
column really is that’s a hundred 
feet apart. It’s an event, a strategic 
event, in the building. It is a point 
where many wonderful things can 
happen, and I thought in terms of 
this column as a room, not just a 
column, a heavy thing, but some- 
thing which is a room, itself. I saw 
these series of rooms as the strategic 
point from which the beams and 
the expanding members come as 
stations. These stations represent the 
servants of the building or the ser- 
vant of the spaces and, because 
their combing together was such an 
important event, the way you make 
it became of great importance. 

If you thought in terms of con- 
crete poured, one could certainly 
make wonderful forms, but there 
isn't the conclusive receptiveness in 
poured concrete. It is, by nature, a 
material which is accidental in its 
final appearance, whereas prestressed 
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concrete has the advantage of a pre- 
dictable appearance. 

Now, the buildings which I vis- 
ualize with these columns, which 
have become rooms, open up an 
entire new attitude in planning. 

The columns as I saw them be- 
came the servant areas of the build- 
ing, rooms serving the spaces of the 
interior. The joints which come to- 
gether, the various elements that 
come together, I felt should be 
made of gold. I didn’t mean, really, 
gold; I really meant that the joint 
became a very important aspect. It 
wasn’t something that you homo- 
genized into other members, but be- 
came a member in itself, so that 
when a member came together with 
another, something happened, that 
gave a higher decorated event to 
the column. 

I saw in the beginning, because 
the architecture was getting bigger, 
that you can accomplish more with 
one stroke—then the stitching ap- 
proach to architecture, little pieces, 
little pieces coming together with 
multiple joints. It may be a beauti- 
ful piece of cloth architecturally, 
but it doesn’t have the potential of 
architectural concrete in it, and I 
felt that the larger the pieces the 
more I like it. Only the day before 
when I saw the crane, the pieces, 
I thought, must be small, manage- 
able. 

Now I said, “No, I demand more 
and more of the crane,” and, be- 
cause of this, I began to realize that 
the event of these large pieces com- 
ing together is the point from which 
wonderful decoration can occur. I 
believed that the joint is the be- 
ginning of ornament. It is not an 
applied thing; it’s actually stra- 
tegic, it stems from a strategic con- 
sideration of a building. It stems 
from a challenge against the ele- 
ments. It stems from water tending 
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to destroy the building, sun tending 
to make the building uncomfortable, 
and those are the things that make 
joints expand and crack. These 
joints can be made to dramatize in 
the most wonderful way as you in- 
crease the size of the members com- 
ing to each other so that the joint 
becomes a high, decorative thing. 

Even the roughness of the con- 
crete becomes smaller in importance 
because, if you center around the 
making of this joint and think for 
a moment symbolically—that this 
joint is made of gold. It is the 
sculptor’s chance for the expression 
of the meaning of this joint, in the 
same way the Gothic architect con- 
sidered the gargoyle—which is only 
a way of carrying the water away 
from a roof. They began to see it 
as demons flying away from the 
church, that couldn't stand the 
glare of the glory of the church. 
Eventually all gargoyles were made 
in the form of demons, not facing 
the church but facing away from 
it, which came from the understand- 
ing of the water going down—I 
mean, always flowing down and 
finding its relentless position regard- 
less of what you do, and the gar- 
goyle was a way of carrying water 
away. 

At first it was a very modest 
thing; then it became a highly-dec- 
orative thing because you under- 
stood it. These gargoyles were tre- 
mendous demons and they would 
spit the water and they became the 
high point of decoration or orna- 
ment, so likewise the making of this 
joint could be the beginning of a 
new architecture. 

Prestressed concrete should try to 
consider the joint-making as not 
something which is a form of homo- 
genizing one member with another, 
but making the event of the joint, 
a construction of itself. I proposed 
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when I was in San Diego the other 
day, the idea of making the earth- 
quake construction flexible, rather 
than rigid and, that it would be a 
marvellous opportunity to make a 
joint very visible, strongly visible. 
As a matter of fact, it need not be 
the exact size that is required be- 
cause it is a precious event in the 
building; therefore, you can make 
allowance for lavishness and expres- 
sion so that a man at a distance can 
recognize as in every work of art 
how it is made. 

A good piece of cloth always 
shows how it is made; a good paint- 
ing can account for every stroke; 
a piece of sculpture always shows 
the imprint of the finger or the 
imprint of the tool. These things 
are not thrown away, and so it must 
also be apparent when we make 
concrete or when we bring together 
great members at joints how they 
are made. 

I can't speak enough about the 
beauty of it, the meaning of it and 
how it can be the emergence of 
an attitude toward the making of 
it, the emergence of a great archi- 
tecture. The separation of members 
so that one never misses what each 
member does, is another part of 
the same family of thinking. 

One little note that I have to add 
—that, the building of cities in which, 
architecture is concerned with, we 
have great changes coming about. 
We are still thinking in terms of 
cute little squares in Europe which 
wed like to have in America. And 
the careful placement of one build- 
ing with another, but we have 
relentless forces and we have demo- 
cratic forces which are very dif- 
ferent from the forces that made 
European cities. 

We can make all the plans in 
the world and, the next day, cir- 
cumstances will change them. There 
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must be a very strong order that 
must transcend all change and be 
powerful in its truthfulness so that 
change does not affect it. In fact, 
I believe that our democratic ways 
will eventually produce the great- 
est architecture because it will con- 
sider the greatest number of people 
as judges of that architecture. 

The architecture of old was in- 
finitely great and we depend tre- 
mendously on being inspired by 
what was done. While we are ter- 
ribly discouraged at the chaotic con- 
ditions of architecture today, still 
I believe that the test, architectur- 
ally, will be a different test. It will 
be a test of a broad agreement with 
the artist which he can handle if 
he is big enough. 

I think the artist will have to be 
a man who knows and feels many 
more things than the artist before. 
Many designers consider themselves 
artists today, but they are not, 
really. They are not big enough to 
be called artists. They can make 
things beautiful, but that’s not the 
thing that’s important. What is im- 
portant is to set down those prin- 
ciples which are indestructable. 

Now, there is a very important 
difference between the cities of old 
and the cities today, and that is 
that it stems from our way of moving 
and I speak about the architecture 
of movement, which is the archi- 
tecture which the motor car and its 
wonder is bringing about. 

I believe that in the center of 
town, for instance, a street wants to 
be a building—not just a street. It’s 
no longer a pavement, but it is a 
building, because why should we 
have to rip a street every time we 
fix a pipe? A street is a place on 
which cars go and people go; this 
represents a great deal in the econ- 
omy, and we should go downstairs 
and fix our pipe without bothering 
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the street. 

The street should be a building 
with one story where you fix pipes; 
one story below that you have some 
other event. Now, if you have the 
attitude that it’s a shoddy construc- 
ion below and with asphalt above, 
neatly laid as of yesterday and 
you're finished—well, that is a com- 
pletely wrong attitude, especially 
in the center of town. 

I believe there’s a definite trend 
of architecture as distinct from the 
architecture, as I call it, of Picasso, 
which is an architecture of force. 
It brings people from distant places 
on complicated roadways and, when 
it comes to the center of town, it 
should become more delicate, more 
sensitive to the precious entrance 
and to the precious center of town. 
Thereafter, architecture must change 
in the center of town. You can't have 
the same brute construction with 
space below columns which is not 
used, which gather nothing but 
newspapers and discarded material. 
The whole building from the very 
bottom to the point where you rise 
must then be a building, in itself. 
Viaduct architecture is an archi- 
tecture of force. 

Why shouldn't this viaduct con- 
tain other piping? Why can’t it con- 
tain the storage houses of the city; 
why can’t it contain other neces- 
sary things like parking? The archi- 
tecture of the viaduct becomes 
more important, more delicate, more 
sensitively attuned to the needs of 
the city. They are all strategic areas. 
They are the same as the great 
walls of a city which were equally 
important in olden times to the 
meaning of the city. 

These viaducts that come in must 
become a different architecture as 
they get to the top. They can be 
poured-in-place concrete, let us say, 
outside but, when they come inside, 
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the most considered, respectable use 
of all materials must come into play 
because it is, to many people an in- 
spiring source of knowledge. People 
learn about people in towns. Towns 
will never die because they are the 
point from which you learn about 
yourself, and anything you make in 
town should be of the complete 
best and with highly-considered 
ways. 

I believe, as part of the design 
of the street should come the de- 
sign of where you park. Parking 
should not be a real-estate affair, an 
opportunistic thing. It should be a 
part of the design of the street, the 
system of streets. I like to call these 
and other facilities gateways and I 
would like them to be placed so 
strategically that these large en- 
trances or gateways are where they 
have to be, not just where real estate 
dictates, but where the system of 
movement dictates. 

These gateways should be wonder- 
ful buildings. They should have a 
shopping center below. The core of 
it should be parking; outside should 
be a motel; on the fifth level should 
be a garden; over that should be 
the continuation of the motel or 
hotel or department store. It must 
be a strategic building, very close 
to the center and, because it is so 
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expensive to be in the center, it 
must be other things, than just a 
garage. 

A garage in the center of town 
is definitely an interruption of the 
progress of town; therefore, this via- 
duct architecture, as it enters town, 
must take this into consideration. 
And what material could you use 
but concrete? You couldn't use any- 
thing else! I say there is a wonder- 
ful opportunity for the architect 
and engineers to collaborate in the 
making of these structures as the 
real imagery of a new city. 

It isn’t the little sticks and stones 
—what I call sticks and stones. They 
are nothing compared to the archi- 
tecture of movement, something 
which expresses the going and stop- 
ping. The architecture of stopping 
always is a beautiful architecture, 
but is is not the architecture of the 
garage, as we know it. It’s the 
architecture of gateways, and the 
only material is concrete and the 
only way of making this concrete 
is in its highest perfection, in large 
parts, in great joints and in adding 
such consideration of parts that make 
the man on the street realize the 
greatness of engineering and the 
greatness of architecture. 
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The A. N. Richards Medical Re- 
search Laboratories of the Univer- 
sity of Pennsylvania is a noteworthy 
building both in the field of Archi- 
tecture and in the field of precast 
and prestressed concrete. The proj- 
ect includes three forty-seven feet 
square seven-story precast tower 
buildings, a poured-in-place service 
building, and eleven poured-in- 
place service shafts. This paper will 
deal primarily with the precast 
towers (including design, manu- 
facture, and erection). 

This building is the first, to the 
writer's knowledge, to use precast 
* Design Engineer 
Keast & Hood Co. 

Philadelphia, Pennsylvania 


concrete for a building of this num- 
ber of stories. It is also the Archi- 
tect’s first major project using pre- 
cast concrete. Many of the concepts 
of structure integrated with mechan- 
ical services and Architectural ex- 
pression are relatively new. The 
Architect's development of and be- 
lief in this integration is a topic in 
itself. This association makes it 
difficult to isolate the actual be- 
ginning of this building. The first 
recognizable encounter with the 
square tower concept was a tower, 
supported on four columns located 
at the midpoints of the sides of the 
square. The framing system also in- 
cluded two main girders crossing 
through the center of the square, 
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Fig. 1 Typical floor framing plan. 
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Fig. 2 Girder elevation. 


one in each direction, and an open 
type floor system cantilevering from 
these girders. (Fig. 1) 

In essence, this is the concept of 
the framing system. The single col- 
umn at the center of each side 
actually became a pair of columns, 
located at the third points of the 
side; the main girder in each direc- 
tion is actually a pair of girders 
crossing at the third points of the 
square, column to column; the open 
type floor system cantilevers from 
this system to the corners. This basic 
system, together with spandrel 
beams along each side, divides the 
square floor into smaller 
squares. These nine squares are sub- 
divided into four smaller squares, 
each by secondary members at the 
midpoint in each direction. A 
poured-in-place slab completes the 
floor system. 

The depth of constuction—top of 
slab to underside of structural mem- 
bers—is 3 ft. 6 in. All the interior 
members (main girders and second- 
ary members) and the spandrel 
beams between the columns have 
a common bottom elevation. They 
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are pierced horizontally by large 
openings to permit the passage of 
mechanical ducts, piping, etc., 
through the structure—that is, they 
are Vierendeel Girders. The bottom 
of the spandrel beams step up away 
from the columns, expressing the 
cantilever nature of the corners. 
(Fig 2) The openings in the span- 
drel beams between the columns 
permit the passage of mechanical 
services into the adjacent poured- 
in-place elements which join at 
these points. The size of all these 
horizontal openings vary with the 
ability of the member to withstand 
piercing at that point. 

In brief form, the rather lengthy 
period of evolution and crystalliza- 
tion of this structural system was as 
follows: the establishment of the 
relative size of openings possible at 
various points in the structure; the 
preliminary layout of the mechani- 
cal services passing through the 
openings; the sizing of these services 
at the critical openings; the sizing 
of the opening required to permit 
passage of these services, with due 
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regard to pitch of drainage lines, 
etc.; and, finally, the sizing of the 
structural members necessary to 
accomodate these openings. Truly, 
this structure is more than just a 
structure—it is part of an integrated 
building mechanism. 

The main girders are 34 in. wide, 
38 in. deep and 45 ft. 7 in. long. 
There is a 4 in. additional poured- 
in-place slab above. The length is 
divided into six panels: a solid panel 
at each end (with an interior void 
to reduce weight) and a panel with 
a 6 ft. 4 in. long by 20 in. high 
opening next to it, and two panels 
between the intersecting girders, 
each with 6 ft. 0 in. long by 24 in. 
high openings. The bottom chords 
below these openings are, respec- 
tively, 10 in. and 8 in. depth. Top 
chords are 8 in. and 6 in., as cast, 
and 12 in. and 10 in. after addition 
of the 4 in. poured-in-place topping. 
Verticals at intersections with the 
girders are 2 ft. 10 in.—the width of 
the intersecting girders. In one di- 
rection, at each floor, these girders 
are monolithic units, pretensioned in 
both the tov and bottom chords. In 
the other direction, the girders are 
in three sections (column to girder, 
girder to girder, and girder to col- 
umn) post-tensioned in both the top 
and bottom chords. 

The spandrel beams are 42 in. 
deep at the center, stepping up to 
only 14 in. deev at the ends. They 
are 46 ft. 5% in. long overall. Bottom 
chords below these openings ard 
top chords above these openings are 
10 in. each in depth. The outside 
face of the spandrel beams is ex- 
posed, flush with the face of the 
wall. 

The secondary members are 38 
in. deep, plus 4 in. of poured-in- 
place topping. They are 8 in. in 
width, with 6 ft. 0 in. long by 24 in. 
in. high openings. Bottom chords 
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below these openings are 8 in. in 
depth. Top chords are 6 in. deep, 
as cast, and 10 in. after addition of 
the 4 in. poured-in-place topping. 
In each of the 9 squares formed 
by the main girders and the span- 
drel beams, there is one secondary 
member, two panels in length; and 
two secondary members, one panel 
in length each. 

The columns are of an unsymmet- 
rical I shape, with 34 in. wide 
flanges, the outer one is 10 in. thick 
and the inner one is 20 in. thick. 
A short 12 in. thick web joins the 
flanges. Columns are in one-story 
pieces, 12 ft. floor to floor, with the 
top of the column flush at the under- 
side of the floor construction. The 
column above is notched to fit over 
the end of the girder and the span- 
drel beam which rest on the inside 
flange of the column. (Fig. 3) The 
web and the outside flange of the 
column which extend beyond the 
face of the spandrel beam lap down 
on the outside to meet the column 
below, creating a continuous verti- 
cal element projecting beyond the 
face of the wall and interrupted only 
by the joints at each floor. 

The main girders are designed 
as Vierendeel Girders. The top 
chord of the girders was prestressed 
in order to handle the high second- 


Fig. 3 Column connection. 
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ary moments due to the shearing 
stresses, which were high enough 
to crack the concrete. The preten- 
sioning in the bottom chord was, 
of course, greater in order to take 
care of both the main chord tension 
and the secondary bending moments. 
As previously mentioned, the girders 
in one direction at each floor were 
cast as one unit, and these sections 
were pretensioned. The girders in 
the other direction were cast as 
three pieces and were post-tension- 
ed after erection. The direction of 
pretensioned and __ post-tensioned 
girders was determined by erection 
and_ post-tensioning requirements. 
The design of the girders in both 
directions is based upon an equal 
sharing of the total final load. The 
pretensioned girders were also in- 
vestigated for their ability to carry 
the weight of the post-tensioned 
girders in addition to their own 
weight during the erection process. 
The poured-in-place slab above the 
girders is designed to act com- 
positely with the girders. Shear keys 
and stirrups are provided to tie 
these sections together. The design 
included investigation before and 
after placing of this slab. 

Notches and bearing seats were 
provided in all members so that 
erection required no _ temporary 
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shoring of individual units. (Fig. 4 
& 5) 

The floor system is designed for 
a superimposed load of 100 pounds 
per square foot, made up of a 75 
Ib. live load and a 25 Ib. partition 
allowance. The frame of the build- 
ing is designed for a wind load of 
25 lbs. per square foot. The major- 
ity of this wind load is carried by 
the side columns and the spandrel 
beams, rather than by the main 
girders, due to the greater relative 
stiffness of these members. 

Concrete strength for the precast 
structure was 5000 psi; and for the 
poured-in-place slab, 3500 psi. Both 
high early strength cement and ad- 
mixtures to increase the workability 
of the mixes were permitted by the 
specification but were not required, 
(however both were used). While 
the drawings showed certain strand 
sizes for the prestressing, the speci- 
fication clearly permitted the use 
of alternate arrangements to secure 
the required prestressing forces. 
Substitutions could be made within 
the limitations included in the spec- 
ification and with approval of the 
structural engineers. 

The prestressed girders contained 
normal mild steel reinforcing in ad- 
dition to the prestressing, and the 
other members were reinforced com- 
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pletely with mild steel reinforcing. 
All members were steam cured. 

Members were cast in steel 
moulds, and the general surfaces 
were left as they came from the 
forms, without dressing. Edges were 
gone over lightly with a stone. 
Patching was kept to a minimum, 
and, where permitted, had to be 
practically invisible. Columns, which 
in some areas are exposed on all 
four sides, were cast vertically so 
that the only surface not in contact 
with the form was the top, which 
is covered by the girders and col- 
umns above. Girders were cast in 
the normal final position, with col- 
lapsible steel forms for the openings, 
and the only nonformed surface was 
the top, which is covered by the 
poured-in-place slab. Spandrel 
beams were cast on their sides, with 
the outside surface down. Second- 
ary framing members were cast on 
their sides. Finish on the non-form- 
ed surfaces of the spandrel beams 
and secondary members was as near 
the finish of the formed surfaces as 
possible. In addition, the secondary 
members were erected so that the 
formed faces were always facing the 
same way within the limits of any 
one floor of a tower. 

Erection of a floor began with 
the setting of the two pretensioned 
girders. (Columns were erected as 
the final step of the floor below.) 
The girders rest on the inside half 
of the inner flange of the columns 
and were set on steel shims. Nor- 
mally a minimum of two shims were 
used with powdered graphite be- 
tween them to facilitate sliding. 
Next, the six sections that make up 
the two post-tensioned girders were 
erected, again on steel shims. Shims 
on the columns were set to correct 
level by instrument. Shims on led- 
ges of the precast girders were ad- 
justed to bring the bottoms of the 
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intersecting girders level. Toler- 
ances in the precast members were 
premeasured in an attempt to min- 
imize the trial and error aspects of 
this operation. Post-tensioned gird- 
ers were stressed immediately fol- 
lowing erection. The post-tensioning 
rods were threaded into place and 
bearing surfaces in line of the post- 
tensioning forces were packed with 
steel shim plates. 

The post-tensioning procedure 
was as follows. The first step was 
placing the center bottom rod of 
both girders, then the two top rods 
of either girder, followed by the 
two outside bottom rods of that gird- 
er, the top rods of the second gird- 
er and then the bottom outside rods 
of that girder. The 1% in. bottom 
rods were stressed to 62 tons each, 
and 1 in. top rods to 35 tons each. 
The stress was measured by gauges 
on the pumps activating the jacks 
and was checked by elongation of 
the rods. Erection of some of the sec- 
ondary members and the two span- 
drel beams which did not foul the 
ends of the post-tensioned girders 
proceeded during the post-tensioning 
operation. Spandrel beams rest on 
the outer half of the inner flange of 
the columns and run past the ends 
of the girders. Grouting of the rods 
followed the tensioning and was 
completed before erection of the 
remaining spandrel beams, Packing 
and pointing of joints followed, but 
did not delay succeeding work. 

Columns were erected after the 
spandrel beams were in place. They 
were set on steel shims, again a 
minimum of two shims with pow- 
dered graphite between, to facilitate 
jockeying into final alignment. Suc- 
ceeding columns were fastened to 
those below by 9-1% in. round 
mild steel rods, threaded through 
sleeves the length of the columns 
and into sleeve nuts at the top of 
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Fig. 6 Precise fit of precast members indicated 
by this completed framing photo. 


the column or beam below. Fol- 
lowing final alignment of columns, 
joints below were packed and then 
the rods were tensioned to 20,000 
psi using a torque wrench to seat 
sleeve nuts, which were then ready 
to take rods from above. Columns 
thus cantilevered to the floor above, 
and when movement of the girders 
above took place during post-ten- 
sioning, the girders slid on the ends 
of the cantilevered columns with- 
out disturbing the alignment of the 
columns. 

Erection of the three seven-story 
towers took place in less than three 
months’ time. The speed at the 
start was quite slow, but as every- 
one learned his job the speed picked 
up, and at the peak of operations, 
the rate was one floor on each of 
the three towers in a week's time. 
( Figures 6 & 7) 

Concreting of the poured-in-place 
slabs followed the erection closely. 
Forms were supported on_ inserts 
cast into the precast members. The 
normal condition, as erection pro- 
ceeded from tower to tower, was 
that the slab on a tower was poured 
and ready as a working deck by 
the time the erection returned to 
that tower. 

Two load tests were conducted 
on the structure. A single preten- 
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sioned girder was test loaded in 
the casting yard by jacking against 
a test frame. Load for this test was 
approximately equal to live load. 
This load was limited to keep the 
secondary bending stresses in the 
top chord, within limits which 
would not crack the concrete sec- 
tion. This was done because the ad- 
ditional 4 in. of poured-in-place 
topping had not been placed. The 
deflection under this loading was 
just under % in. A completed floor 
was test loaded following erection 
and pouring of the 4 in. slab. The 
load was applied by jacking against 
the floor above, with shores in place 
to two additional floors above in or- 
der to distribute the load. Four jacks 
were used, placed at the intersec- 
tions of the girders. Total load ap- 
plied was 150 tons (52,500 pounds 
per jack). This load produced shears 
and moments equivalent to twice 
the live load plus the partition load 
which was not yet on the structure. 
Deflection under this load was about 
42th of an inch. Deflection calcula- 
tions for the composite structure in- 
dicate this deflection is consistent 
with that of a girder fixed at the 
ends by the columns. This is in con- 
formance with the design assump- 
tions. 
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Fig. 7 Photo of a column-free cantilevered corner. 
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VOLUME 
JOLUME TIGHTLY BOUND 


The structural framing of the 
University of Pennsylvania Medical 
Research Building has been vividly 
described in numerous articles and 
papers since its construction. The 
careful thought and planning which 
went into its design are obvious. The 
problems of construction which had 
to be overcome, in retrospect, seem 
straight forward and not unduly 
complicated. 

At the time our company first 
started to translate the contract 
plans into shop drawings for the in- 
dividual pieces, the picture was not 
quite so sharply defined in our 
minds. 

There were a few things which 
stood out clearly in the require- 
ments for the work, and _ these 
provided the basic elements for 
making all other manufacturing de- 
cisions. 

First and foremost was the fact 
that towers had to be built to a 
seven story height using precast 
concrete members. Also when all 
dead loads were in place and when 
all prestressing forces had been ap- 
plied, the framing had to be square 
and true and accurately positioned, 
with respect to a cast-in-place rein- 
forced concrete tower which formed 
the central core of the building 
(Fig. 1) 

All those with experience in man- 
ufacturing prestressed concrete are 
aware that changes in length due to 
creep, shrinkage, and plastic flow 
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take place when heavy prestressing 
forces are applied to the concrete; 
and that these changes of length 
are proportionate to the properties 
of the concrete at the time the 
forces were applied. 

A glance at the plans showed that 
half of the main floor girders were 
of the pretensioned variety and the 
other half were sectional post-ten- 
sioned members. 

It was apparent then that one half 
of the main members (the preten- 
sioned ones) would be prestressed 
when the age of their concrete was 
approximately 48 hours. The other 
half of the main members would be 
prestressed perhaps two or three 
months after their manufacture. 

The main floor members sat atop 
the columns on one half the thick- 
ness of the inside flange of the “I” 
shaped columns. The spandrel 
beams rested on the other half of 


1 Erection chet of the Medical ‘ae 
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the inside flange thickness. The 
column prestressing passed through 
both. Therefore, any variation in the 
length of the main members could 
affect the plumb of the columns or 
vice-versa. 

While in most instances, a total 
tolerance of % in. was available for 
adjustment at these joints, the posi- 
tion of the spandrel beams on the 
columns had very little adjustment 
because the four spandrel corners 
absolutely had to meet properly to 
make the corners of the towers. 
Variations in these corners would 
have been very noticeable in the 
finished structure. 


The other line which we felt 
would be most noticeable in the 
finished tower was the plumb and 
alignment of the columns. The col- 
umns form a principal feature of the 
exterior architectural treatment, and 
any variation, apparent to the eye, 
would be objectionable. 

Thus we concluded that both 
columns and spandrel beams had to 
be erected to the best possible align- 
ment without regard for the other 
members. Yet, the other members 
had to interlock properly with col- 
umns and spandrels and these were 
the members subject to application 
of heavy prestressing forces. Thus, 
their change of length had to be 
anticipated and provided for. 

The next consideration from a 
manufacturing point of view was the 
manner in which all members would 
be formed. As noted above, a main 
consideration was that the manu- 
factured pieces be of exactly the 
proper length. It was our feeling 
before manufacture that all toler- 
ances provided in the design had 
to be preserved for the erector, and, 
therefore, that the pieces as manu- 
factured had to be nearly perfect 
dimension wise. (Fig. 2) 


The first criterion for forming 
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schemes was the production of true 
shapes. A second criterion, and 
equally important, was the selection 
of which surfaces would have 
formed finishes and which would 
have trowelled finishes. Architectur- 
al considerations required that all 
exterior surfaces of the building 
have formed finishes. On the interi- 
or of the building, it was deemed 
that the underside of the members 
were the most important from an 
appearance standpoint. 

The exterior face of the spandrel 
beams was smooth and free of detail 
while the inside face had seats for 
the secondary framing, ledges and 
dowels for the floor slab, and some 
intricate projections at the corners. 
This inside face, of course, was the 
logical face to form, but since the 
outside had to have a formed face 
as well, we considered pouring the 
spandrels in an upright position. The 
quantity of reinforcing and thickness 
of the member made the risk of 
honey comb too great in casting with 
upright forms. Thus, the spandrels 
were poured lying on their side. 

The spandrel forms were detailed 
with a flat pallet for the outside 
face, in which were cut the holes 
for the truss openings. All side forms 
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Fig. 2 Fabrication exactness required is indicated 
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were to be wedged against the bot- 
tom pallet. The forms for all details 
on the interior face were supported 
by frames spanning and bracing the 
sideforms. 

The pretensioning of the main 
members dictated that they would 
be cast in an upright position. This 
involved the use of top chord forms 
which had to be adequate to support 
a substantial weight of wet concrete 
and yet which would strip quickly 
and easily. 

A final feature considered with 


the formwork was the type of form: 


finish desired. It had to be dense, 
free of water bubbles and of as light 
a color as could be produced using 
ordinary cements, while maintaining 
uniformity of color in all pieces. 
White cement was not specified and 
not used anywhere in the precast 
construction of this building. 

All considerations seemed to point 
directly to steam curing. It would 
help manufacturing schedules by 
accelerating the curing cycle while 
producing a whiter concrete in ap- 
pearance. It would minimize the 
problems of creep and shrinkage. It 
would also ruin wooden formwork. 

Contrary to the opinions of many 
people, it has been our experience 
that carefully made wooden forms 
constructed using plastic coatings 
and facings in some instances can 
produce results in every way as 
pleasing as can be obtained with 
concrete or steel forms. 

When all things were considered, 
however, the use of steam curing, 
23 floors of repetitive members, the 
accuracy of shape and dimension re- 
quired, we chose to fabricate all the 
formwork out of steel. 

We did impose a few rules with 
an idea of achieving maximum util- 
ity from this substantial investment. 
The first was that spandrel sideforms 
were to be of such a size and shape 
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as to be useable for the forming of 
rectangular columns and small mem- 
bers in succeeding plant work. The 
second was that sideforms for main 
floor members were to be designed 
for rehabilitation into standard uni- 
versal bed sideforms such as are 
used for building bridge girders. 
Thirdly, all secondary forming of 
pockets, seats, recesses, etc. was to 
be done iri such a manner as to 
minimize the wear and tear on the 
pieces we hoped to make a part of 
our regular plant equipment. 

On the other side of the ledger, 
we decided to use somewhat light- 
er liner plate for the bulk of the 
forms than we would buy for regu- 
lar plant use. 

The one remaining formwork item 
not yet discussed is the column 
form. The same criteria of steam 
curing etc., applied and steel was 
selected as the form material. The 
columns were different than the 
other pieces in that they stand ver- 
tically and from an appearance 
standpoint should be cast vertically. 
Acceptable alternatives were not to 
be found and form details were in- 
vestigated. 

The columns as shown on the 
original architectural drawings were 
of an “I” shape with all flange sur- 
faces parallel. Therefore, unless the 
boxes making the web of the “I” 
were collapsible, it would be im- 
possible to remove them. On self 
supporting forms of this size which 
could be handled only with a crane, 
we did not want any collapsible 
sections to reposition exactly on each 
succeeding pour. 

A conference with the architect 
and engineer resulted in permission 
to provide a taper on the inside face 
of the outside flange. This provided 
the means whereby rigid boxes could 
be used to form the web portion of 
the “I” shape. 
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The side forms were designed 
using steel plates stiffened with 
angles. The four sides were made 
with overlapping corners which bolt- 
ed together to make a rigid box. Ties 
across the top and hollow cylindri- 
cal stubs on the base positioned the 
flexible tubing which was provided 
to make the openings required for 
the post-tensioning rods. These flex- 
ible tubes were internally stiffened 
with steel pipe and the mild steel 
reinforcing cages were tied to the 
tubing. 

In ordering the forms, consider- 
ation was given to the delivery 
schedule. It was noted that the 
critical items would be spandrel 
beams and the secondary trusses. 
The secondary trusses required at- 
tention because of the large number 
required. We felt the spandrel beams 
would be a problem because of their 
complexity, both in shape and rein- 
forcing. Our answer was to provide 
additional soffit liners for these items 
so that, by using removable side- 
forms, we could maintain a daily 
pouring cycle on both items. 

As we had elected to provide 
forms for an entire universal bed, 
we would be able to set up and 
pour either six of the pretensioned 
main trusses or eighteen of the post- 
tensioned main trusses at one time. 
About half of the forms were fab- 
ricated by a company specializing in 
that work. The other half were fab- 
ricated by a local shop which reg- 
ularly does steel fabrication for us. 

The organization for the actual 
production was in accordance with 
our usual practice on all of our work. 
The work was divided into pre- 
stressed items to be produced on our 
universal beds and precast items 
having conventional reinforcing. 

A work force of fourteen men, a 
welder and a foreman was utilized 
in the precast area. This force was 
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able to produce two spandrel beams 
and four secondary trusses each day. 
Their work included positioning of 
all reinforcing in the forms, fastening 
all inserts, sleeves, and miscellaneous 
items cast into the members. They 
were responsible for pouring the con- 
crete and doing the finishing as well. 
A major item of work was the 
fabrication of reinforcing cages. This 
was handled by a separate force of 
eight men and foreman who pro- 
duced cages for two spandrel beams, 
four secondary trusses, and two col- 
umns, each working day. All gangs 
were sub-divided according to the 
different pieces to be produced. 
The cages for the universal bed 
work were produced by the work 
force in that area which did the 
pouring as well. The problem of the 
cages was somewhat different in 
this area because the pretensioning 
strand in half of the main members 
precluded the prefabrication of 
cages. All steel was tied to these 
pretensioned strands after tension- 
ing, and was included in the work 
of setting up the beds for pouring. 
As soon as production had started, 
it was apparent that the mild steel 
reinforcing in all the members pre- 
sented problems not found in ordin- 
ary work. The problem was in the 
bending tolerances required to fit 
the cages together. Our reinforcing 
fabricator was able to produce bars 
bent to % in. tolerances, and this 
proved adequate. In fact, most bars 
furnished were practically perfect. 
The fabricator used jigs in his plant 
to check the pieces before shipment 
and we used jigs in fabricating the 
cages so that very few problems 
were encountered once the require- 
ments were agreed upon. 
A few unusual manufacturing 
practices might be of interest to note. 
In both precast and prestressed 
areas, a practice of double steaming 
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was instituted. Each piece was 
steamed after pouring to provide 
proper curing as noted earlier. After 
stripping the forms, the piece was 
examined for defects. Any patching 
required was done immediately and 
the piece steamed again. This second 
steaming blended the patches so as 
to make them invisible in most cases. 
It also whitened the color somewhat 
further. 

By producing the columns in an 
upright position, it was necessary to 
turn them on their sides for storage 
because of the cutout in the base. 
This had to be accomplished with- 
out chipping the sharp square cor- 
ners of all edges. Turning was ac- 
complished by lowering the column 
gently into a pile of white sand. 
To my knowledge, no chipping of 
edges occurred in this handling. 

When production was about 60% 
completed, we agreed to begin the 
erection work. We engaged a sub- 
contractor for this work. As_ this 
appeared the most critical part of 
the operation, we departed from our 
usual procedure of taking bids. 

We elected to handle the field 
concrete work ourselves. This con- 
sisted of drypacking and pointing 
of joints and grouting of the ducts 
in which the post-tensioned bars 
were encased. To accomplish this, 
we provided a superintendent on 
the job who arranged with the 
general contractor for the use of his 
masons as required for the concrete 
work. 

This superintendent maintained 
liaison between architect, engineer, 
general contractor, erector and our- 
selves during the entire project. In 
addition to this superintendent, 
every post-tensioning operation was 
supervised by a member of our 
engineering staff working in con- 
junction with the supervision sup- 
plied by the designing engineers. 
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There is nothing I can say which 
would give adequate praise to the 
work of the erection crew. They 
solved every problem which came 
up during the work and by the end 
of the job were erecting at approx- 
imately 1% times the best speed we 
thought possible in the beginning. 

The site of the work was such as 
to provoke some sense of frustration. 
The towers were bounded on both 
sides by existing buildings which 
prevented passage of the crane from 
one side of the building to the other. 
A number of trees surrounded the 
site and protecting them caused 
some concern in the maneuvering 
of large trucks to the proper un- 
loading positions. 

In general, the transportation 
problem was a major headache from 
start to finish. Access to the site was 
provided via a footpath and exit was 
via a narrow driveway. One way 
traffic with little room to maneuver 
was the result. 

The highway routes to the site 
involved the traffic of downtown 
Philadelphia, which continually 
scrambled arrival times. A limited 
amount of storage space at the site 
was available but for the bulk of 
the work, erection directly from the 
trucks was mandatory. 

Two engineering considerations 
affected erection sequences. One 
was the requirement that the cast- 
ing of the floor slabs was to lag 
behind the erection of the precast 
members by not more than one 
floor. The other was the fact that 
grouting of post-tensioned bars had 
to be performed in sequence with 
the other work. 

The sequence finally determined 
as best was based on working two 
towers at a time. One tower was 
erected until the post-tension bar 
grouting sequence was_ reached. 
Then erection of the second tower 
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proceeded during this interval. As 
soon as possible, the erection of the 
floor of the first tower was complet- 
ed nd work began on the third. 

The third and second towers 
were worked on one at a time with 
work transferring from one to the 
other to accomplish the grouting 
without holding up the work on 
either. 

Once this procedure was _insti- 
tuted the work proceeded smoothly 
with the general contractor being 
able to pour his floors without inter- 
ference in whatever tower was not 
being erected that day. 

A number of interesting field ex- 
pedients were utilized by the erec- 
tor in executing his work. The most 
unusual was a sixty foot footbridge 
complete with handrails which was 
suspended from a crane for the 
operation of installing the post- 
tensioning bars into the main fram- 
ing. 

The length of these bars incident- 
ally dictated the choice of direction 
of the main framing on some floors 
because of the proximity of the ad- 
jacent buildings. It was possible to 
interchange the directions of pre- 
tensioned and post-tensioned pieces 
at any level and this was done on 
the two top levels to minimize the 
reach required to set the main mem- 
bers there. 

Another interesting device was 
the column plumbing jig. This con- 
sisted of a steel frame clamped to 
the column to which could be at- 
tached either a jack post or a come- 
along. With this jig, it was possible 
to rotate, translate or tilt the col- 
umn a small amount. Two men care- 
fully aligned each column while the 
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main erection work was going on 
elsewhere and this system contribut- 
ed to the excellent control of di- 
mensions maintained throughout the 
erection work. 

I was told by a representative of 
the general contractor after com- 
pletion of the job that their checks 
indicated every piece measured was 
within *% in of its theoretical posi- 
tion, and that all pieces on adjacent 
floors were within % in. of perfect 
relative alignment. 

My own spot check measure- 
ments revealed many locations 
where the dimensions between the 
cast-in-place tower and precast tow- 
ers were within “Me in. of plan dimen- 
sion even though both towers were 
laid out independently. This testifies 
to the fine control maintained on the 
cast-in-place work as well. 

The window installation proved 
out the overall control achieved, be- 
cause the windows were all of 
standard size. At the corners where 
the spandrel beams joined, mitered 
glass was installed without difficulty. 

Looking back on the job, it seems 
now as though it wasn’t as difficult 
as it looked in the beginning. How- 
ever, the thing that really stands 
out in retrospect was the degree of 
cooperation exhibited by everyone 
connected with the project. We re- 
ceived every possible assistance 
from the architect, the engineer and 
the general contractor. 

From this project, we learned not 
to fear the complex and difficult 
structure. Invariably, it is better 
planned and more carefully thought 
out than simpler work. We wel- 
come assignments such as the Uni- 
versity of Pennsylvania Medical 
Research Building. 
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A Sliding Joint, 


Prestressed Concrete Pavement 
by Lyle E. Young* 


Introduction 


One important factor in the de- 
sign of a concrete pavement is the 
necessity of joints to accommodate 
dimensional changes due to mois- 
ture content, temperature changes, 
or external loads on the pavement. 
It has been the conventional prac- 
tice to provide joints placed perpen- 
dicular to the longitudinal axis of 
the pavement at suitable intervals. 
Dimensional changes are accommo- 
dated by the opening or closing of 
these joints. A bituminous or rubber 
material is placed in the joint to 
seal it against the entrance of wa- 
ter or foreign particles. At high tem- 
peratures the joints close, forcing 
much of the sealer out of the joint. 
With subsequent cooling, there is 
no positive action to return the seal- 
er to the joint as it opens. A joint 
that is not sealed will allow passage 
of water or accumulations of foreign 
material which will impair the func- 
tion of the joint or cause subgrade 
pumping with subsequent random 
cracking or deterioration of the slab. 

To prevent pavement cracking 
prestressing has been employed. If 
prestressed wires are used to place 
the concrete in initial compression, 
subsequent stresses due to external 
loads or dimensional changes that 
would normally cause tension and 
cracking can be cancelled out. The 
placement of prestress reinforcing 
in a longitudinal direction, however, 
involves construction problems ne- 
cessitating an interruption in the con- 
tinuous process of placing concrete. 


* Associate Professor 
of Engineering Mechanics 
University of Nebraska 
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This paper presents a modifica- 
tion and extension of a paving sys- 
tem similar to that employed by 
Freyssinet'? in the experimental 
runways for Orly Aerodrome in Par- 
is and the London Airport. The sys- 
tem proposed herein eliminates 
joints which open and close and pro- 
vides for prestressing in a continuous 
paving operation. Any solution to a 
problem as complex as continuous 
paving is likely to introduce some 
new problems. It is hoped that this 
system solves more problems than 
it creates. 

Description of Paving System 

Figure 1 is a drawing of a precast 
concrete slab in the form of an equi- 
lateral triangular prism. One edge 
of the slab has a tongue as shown 
in Detail A, a second edge of the 
slab has a groove as shown in De- 
tail B and the third edge has provi- 
sions for anchoring post-tensioned 
reinforcing strands, Detail C. Over- 
size holes are provided about half- 
way between the top and the bottom 
of the slab and in directions parallel 
to the tongue and groove edges. Re- 
inforcing in top and bottom of slabs 
in a direction bisecting the 60° cor- 
ner angles would probably be nec- 
essary to prevent the corners from 
breaking off. 

Figure 2a is a plan view of the 
triangular slabs laid in place to 
form a single traffic lane. A thin 
layer of a plastic material is used 
to seal the joints, AB, BC, CD, etc., 
and to allow a sliding action. Strands 
of reinforcing are strung through the 
oversize holes, stretched within their 
elastic limit, and anchored at their 
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Fig. 1—Precast Triangular Slab Units. 
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Fig. 2—Plan View of Pavement Showing the Effect of Temperature Changes. 


ends along the edges of the pave- 
ment. Figure 2b shows the relative 
movement of the slab (exaggerat- 
ed). As a reduction in temperature 
occurs, the joints are kept closed by 
the elastic action of the post-ten- 
sioned strands. Sliding of one slab 
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with respect to adjacent slabs occurs 
along the joints. Figure 2c shows 
the relative movement (exaggerat- 
ed) of the slabs as a rise in temper- 
ature takes place. The movement of 
a slab is caused by the lateral com- 
ponent of the pressure of adjacent 
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slabs seeking space for their expan- 
sion. This movement also causes 
some increase in the tension in the 
strands which is available to keep 
the joints closed as subsequent cool- 
ing occurs. In Figures 2a, b, c, the 
length of a given portion of paving 
remains constant but the width, W, 
of the paving varies as shown. 

The plastic material to seal the 
joint and allow slipping could be a 
semiliquid sealer lubricant or it 
could be a thickness of a solid mate- 
rial similar to rubber that would al- 
low differential motion by shear 
slippage. Figure 3a shows a short 
length of two adjacent slabs with a 
layer of a rubber-like material be- 
tween them. As slippage occurs, 
Figure 3b, the seal deforms by shear. 
The total differential movement of 
adjacent slabs for a 200°F change 
in temperature and a 12 foot wide 
pavement would be less than % 
inch. Load transfer and_ vertical 
alignment of adjacent slabs is taken 
care of by the tongue and groove 
joints, 

The forms for the precast slab 
units may be designed so that dis- 
tance D, Figure 1, can be adjusted 
for different degrees of highway cur- 
vature. Figure 4 shows slabs placed 
for a horizontal curve. The outside 
edges of the slab units would have 
D increased or the inside edges 
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would have D decreased or both. 
Vertical changes in slab placement 
for vertical curves or superelevation 
are so gradual on modern highways 
that the use of the plane surfaces 
of individual units to approximate 
a continuous curved surface should 
not result in a significant loss of rid- 
ing quality. 


Construction Procedure 


The triangular slabs must be made 
with accuracy and care. This could 
be done at a central plant using pre- 
cise steel forms and efficient assem- 
bly line manufacturing techniques. 
Under these conditions a more rig- 
id control of aggregate, cement, wa- 
ter proportions, and curing could 
be obtained. The manufacture of 
slabs could be continued on a year 
around basis so as to enjoy the ben- 
efits and economy of a skilled and 
stable labor force. The application 
of the sealing strips could also be 
carried out at the central plant. 

Suitable preparation of subgrade 
for precast slabs might appear to 
be a formidable problem. There has 
been considerable support to the 
idea that flatwork must be “cast in 
place” if it is to be uniformly sup- 
ported. However, actual examina- 
tion of cast-in-place flatwork sub- 
grades has shown that in a short 
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Fig. 3—Plan View of a Short Length of Adjacent Slabs Showing Deformation of Seal Due 


to Sliding Action. 


September, 1961 


8 
95 


Fig. 4—Plan View of Horizontal Curve Showing Adjustment in Slab Dimension “D”. 


erosion, or plastic flow of the sub- 
grade. It would seem that reason- 
able care in subgrade preparation 
might result in as good a support for 
precast slabs as is obtained for cast- 
in-place slabs. The use of post-ten- 
sioning to minimize tensile stresses 
in the concrete would make the tri- 
angular slabs less vulnerable to ran- 
dom cracking due to nonuniform 
support. Subgrade preparation would 
consist of laying a sand cushion 
with a suitable alignment and grade. 

Slabs could be laid under a 
greater variety of climatic condi- 
tions than conventional construction 
allows. The slabs could be unload- 
ed and placed by a crane working 
from the shoulder or ditch or from 
the paving already laid. The holes 
for the reinforcing could be used 
as a basis for designing a sling for 
handling the slabs. 

Bars, wires, or cables of a high 
strength steel with a head or an- 
chor preattached to one end would 
be strung through the holes. Post- 
tensioning could be done with hy- 
draulic jacks. The amount of ten- 
sioning would be determined by 
the construction temperature. The 
post-tensioning of the strands and 
the maintenance of tension in the 
strands at any location depends up- 
on longitudinal restraint of adjacent 
pavement. If there is no longitudi- 
nal restraint the post-tensioning forc- 
es will be dissipated by unlimited 
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lateral movement of the slabs. In 
a continuous system, longitudinal 
restraint is provided by the sub- 
grade frictional resistance of a suffi- 
cient length of adjacent pavement. 
At the terminals of the paving, abut- 
ments would be required to provide 
the necessary resistance to longitu- 
dinal movement. During construc- 
tion the post-tensioning would have 
to be applied in steps and at some 
distance behind the placing of the 
slabs on the subgrade so as to make 
use of their subgrade friction to re- 
strain longitudinal movement. Slabs 
would have to be placed similar to 
the position shown in Figure 2c so 
that the dimensional changes in the 
slab and joint due to post-tensioning 
would result in a positioning of 
slabs as shown in Figure 2a. The 
exposed ends of the strands and an- 
chors would have to be protected 
from corrosion. 

After the field procedure is com- 
plete, the pavement would be ready 
for immediate use by construction 
vehicles or traffic. 


Maintenance 


Joints which do not open and 
close but rather slide will minimize 
the problem of sealer ridges on the 
surface, or the passage of water or 
foreign material through or into the 
joint. A smoother riding joint with 


PCI Journal 


smaller wheel impact loads will re- 
sult. Joint maintenance for sliding 
joints should be considerably less 
than for conventional joints. 

The provision of frequent joints 
to relieve stresses due to tempera- 
ture and moisture changes might al- 
low a reduction in slab thickness. 
The use of post-tensioned strands to 
prevent tension cracks in the con- 
crete should almost eliminate ran- 
dom cracking. 

Slab units could be taken up, 
moved and relayed for highway re- 
location. 

A longitudinal joint between traf- 
fic lanes of a somewhat convention- 
al design might be used. However, 
this problem might be reduced by 
combining two triangular units into 
one diamond shaped unit spaced 
alternately with regular triangular 
units as shown in Figure 5. All di- 
mensional changes would be taken 
up by the lateral movement of the 
triangular slabs. 


Summary 


A comparison of construction and 
maintenance costs between conven- 
tional paving and the sliding joint 
system proposed in this paper is 
very difficult. The cost of precast 
slabs, subgrade preparation, placing 
and post-tensioning is dependent 
upon the development of efficient 
manufacturing and field techniques. 
The profitable investment of time 
and money in developing efficient 
techniques is a function of the quan- 
tity to be produced. Evaluation of 
maintenance costs are very difficult 
without long field research studies. 

It is hoped that the ideas present- 
ed in this paper will stimulate oth- 
er ideas and lead to a better way 
of surfacing highways. 
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Fig. 5—Use of Alternate Diamond and Triangular Slabs for Two Lanes. 
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DISCUSSION 


“THE ALLOWABLE F.-e REGION FOR PRESTRESSED SECTIONS 
AND AN EXACT METHOD FOR OPTIMUM PRESTRESS FORCE 
MODIFICATION”’* 


by Ti Huang 


Associate Professor, New Mexico State University 


The authors are to be commended 
for their work in the development 
of the equations of curves bounding 
the allowable F,-e region for pre- 
stressed composite sections, and the 
method for prestress force modifica- 
tion. 

The curves a, 8, y, and A are 
actually represented by the limiting 
equations (15), (16), (17), and 
(18). The combination of equation 
(15) with (11), (16) with (12), 
(17) with (13) and (18) with (14) 
results in the following system: 


*March, 1961, Vol. 6 No. 1, by K. K. 
Kienow and C. A. Bryan. 


*°G. Magnel: “Prestressed Concrete”, Mc- 
Graw-Hill Book Company, Inc.; New 
York, 1954. 
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_ Fo. _ Fee 


Fe (15’) 
(17’) 
(18’) 


Using the equal signs in the above 
system, the resulting equations rep- 
resent the curves 8, a, A, and y in 
that order. 

Plotted wth F, and e as the 
two coordinating variables, all four 
curves are rectangular hyperbolas. 
However, as pointed out by Mag- 
nel**, these equations are all linear 

1 
F, 


in terms of —and e. Equations (15’) 
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Paks 
we... UZ 
Z 
. 


through (18’) can be rearranged’ in- 
to the following form: 


= — fx») Ze (8) 


\FoJ Ae 
eS + (a) 
= Zuw + fep) 4 (y) 


Each one of these equations represents a 
straight line. The e-intercepts of these 


lines are — 2 and Se, or the upper 
and lower kern distances of the beam 
section. The — intercepts are + 
1 1 
Ac(f’ — FP tp), Af* tp, Acfep 
1 


respectively. The re- 


gion can thus be easily constructed by 
laying out these intercept distances along 
the axes. 

The boundry equations can also 
be treated as linear by using F,.and 
(F.e) as the variables. The curves 
would then become two pairs of par- 
allel straight lines with slopes of — 


Zon 
A 


ce c 


respectively. 


The allowable F,-e region for the 
30 ft. beam, constructed in the above 
mentioned manners, are as shown in 
the accompanying chart. 

Examining the four boundary 
equations closely, it can be seen that 
the intersection of curves @ and 8 
corresponds to minimum F,. It can 
also be seen that curve 8 represents 
the lower limit for F, (or upper 


limit for 7) any given value of e. 
Therefore, for prestress force modifi- 
cation, it is only necessary to solve 
for F, from equation (15’) or (8). 
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For the authors’ illustrative exam- 
ple, er = 2.77 inch, = 1146 
= 1713 psi, = 0, and A. 
= 570 in*. Substituting into () 


2.77 = 1146 (1713) _ 1146 
UPd 570 
F, — 1146_(1713) 
+ 1146 
570 


— 410,600 lbs. 


Authors’ Closure 
by K. K. Kienow and C. A. Byran 


Professor Huang’s construction is 
correct, and, as he pointed out, the 
reciprocal plot was first developed 
by Magnel. 

The authors feel, however, that 
the direct F,-e plot we have devel- 
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oped presents an immediate visual 
indication of the effect [in terms of 
the mode of failure| of variations 
in prestress-eccentricity combinations 
which is obscured or lost in the re- 
ciprocal function or rectangular hy- 
perbola plots. For example, it is im- 
mediately obvious from the direct 
F,-e plot that having determined 
F, min ANd Cmax, any increase in F, 
must be accompanied by an asso- 
ciated decrease in eccentricity or 
the allowable top fibre tensile stress 
in the end of the beam will be ex- 
ceeded. This same conclusion may 
also be reached from the reciprocal 
or rectangular hyperbola plots, since 
all three are mathematically identi- 
cal, but it is not quite as apparent. 
In determining the minimum pre- 
stress force required for a given ec- 
centricity less than emax, the use of 
equations [31] and [32] provides 
a check on the condition of the top 
fibre at mid-span under full load, 
which may be overstressed in com- 
pression at eccentricities less than 
Emax. This problem is encountered 
often if the magnitude of the load 
is approaching the maximum for the 
section. In this case the eccentricity 
at the intersection of curves 8 and y 
may be only a few tenths of an inch 


from Cmax. The use of the 8 equation 
is suggested by Professor Huang 
will, therefore, not always result in 
a valid prestress force. 

Suppose that in the prestress force 
modification example we had chosen 
a revised eccentricity e of 0.5 inches. 
The 8 equation will give a corre- 
sponding value of F, of 782,100 lbs. 
This point lies on the curve 8, but 
beyond the point of intersection with 
y, and the top fibre midspan com- 
pression would be 2473 psi, over- 
stressed in compression by about 
500 psi. Inspection of the F,-e re- 
gion plot will show that the point 
F, = 782,100 lbs., e = 0.5 in., lies 
outside of the allowable region. 
However, as was pointed out in our 
concluding paragraph, the usual case 
will not require the plotting of the 
F,-e region curves, and the over- 
stressed top fibre condition would 
not be apparent without further cal- 
culations. Therefore, equations [31] 
and [32] should be used with their 
built-in check on the midspan top 
fibre stress; or the fibre stress should 
be checked independently in con- 
junction with the 8 equation method 
suggested by Professor Huang, be- 
fore any detailed design calculations 
are performed for the section. 


Discussion 
Positioning Drape Points in 


Prestressed Members 


by Meryle L. Cochrane 


I would like to take this oppor- 
tunity to compliment the author 
for the fine job he did in presenting 
his depression equations and make 
some comments of my own which I 


*June, 1961, Vol. 6, No. 2 by David 
Morris. 
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hope will add to the obvious value 
of his article. 

My first remarks concern omis- 
sions and errata which tend to make 
the derivation difficult to follow for 
one not familiar with the problem. 

(A) Page 77; the equation occur- 
ring above Equation (2): 
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— X) should read 
2L*Me 
8MeX 


(B) Since obviously ® is greater 
than 5°, tan ® does not equal ® and 
therefore the equality at the upper 
right hand of page 77 cannot be ob- 
tained, and it should be written: 

d 4X 

dx 
since the slope is defined as the tan- 
gent of the angle of inclination. This 
correction should prevail throughout 
the equations following the one 
mentioned above. 

(C) Mr. Morris’ statement pre- 
ceeding equation (4), page 77, 
which asserts that the equation for 
K, may be written as K, = K, + 
(x) (which should read K, = K, 
+ tan ® (x) ) is incorrect. For any 
given set of design conditions tan ® 
is obviously a constant and _ there- 
fore, the function K, + tan ® (x) is 
linear and cannot possibly represent 
a second degree curve such as K,. 
The equation that Mr. Morris has 
written is of the standard form: 


(L — X) = tan = slope, 


=mx+b 


and is in fact the equation of line 
OXA. However, K, = K, + tan ® 
(x) at the point of tangency of OXA 
and K,. This equality is the key to 
the line of reasoning which should 
have been applied which is as fol- 
lows: 

For the conditions shown in Fig- 
ure 3, page 76, to occur, we may 
state the following: 


(1) OXA = K,x at the point of tangency 
and therefore Kx = K. + tan & (x) 


(2) Slope of OXA = Slope of Kx 

Writing (1) and (2) as equations 
in the proper form and solving them 
simultaneously will yield the result 
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listed on page 78 as equation (7) 
which states that: 

4(1 Ko) 
which is precisely correct but not 
for the reasons stated by Mr. Morris. 
Note that equation (7) may be writ- 
ten in the form: 


a 


2(Mm™ — Mo®) 
WL — (8WM,®*)” 


which may or may not be a more 
convenient form. 


Inherent Assumptions 


Mr. Morris’ statement at the lower 
right of page 79 which asserts that 
the practical limits include: 1.0= 
Ky, = 2.0 assumes that the maximum 
moment curve should be enveloped 
by the prestress resisting moment 
curve. This is an assumption that 
limits the scope of his equations. 
Quite often a member is designed 
to carry a good portion of the live 
load as a cracked section to reduce 
no-load camber. Thus the depres- 
sion points must move toward the 
bearing points an amount deter- 
mined by the design criteria. From 
my remarks on the reasoning of the 
derivation, it should be clear that 
OXA, K,, and K, are independent 
of each other and therefore equation 
(7) is applicable for finding “a” for 
a partially prestressed section such 
as the one I have described. 


Ultimate Moment Capacity 


The fact that the service load 
moment curve is enveloped either 
wholly or partially by the prestress 
moment curve does not guarantee 
that the ultimate load moment curve 
will be suitably cared for. It is pos- 
sible to design a cable trajectory 
which will produce a bending fail- 
ure at some point other than at mid- 
span when the moment at midspan 


103 


is less than the design ultimate. 
Therefore care must be taken to in- 
sure that the depression distance at 
ultimate load is greater than or 
equal to the depression distance at 
design load. This can be done by 
rewriting equation (7) as: 


au = 2(M®u,, — M®o,) 
W.L — (8W.M®*.,)” 


which can be converted to the same 
type of form as equation (7) on 
page 78. The equation that I have 
written for a, is based on the as- 
sumption that the ultimate moment 
is calculated using the rectangular 
stress block approximation. This 
renders the ultimate moment capa- 
city a linear function of gross strand 
eccentricity. 

As a matter of fact, the ultimate 
harping distance was one of the fac- 
tors considered in a recent load test 
performed by the design office where 
I am employed. The results of that 


test justify my previous statements 
with regard to ultimate harping. 


Authors’ Closure 


by David Morris 


I am grateful to Mr. Meryle L. 
Cochrane for his comments and 
critcisms concerning the recent arti- 
cle entitled “Positioning Drape 
Points In Prestressed Members.” I 
would like to review his comments 
and also point out additional errata 
which should be noted. 

Referring to Mr. Cochrane's let- 
tered discussions: (A) The equation 
should be included in the eratta, 
corrected to read as shown. (B) A 
point well taken! Tangent ® should 
replace ® in the derivations. (C) 
There is a misunderstanding here. 
The equality above equation (4) 
refers only to the ordinate to the 
forementioned point of tangency and 
is not intended to describe the sec- 
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ond degree curve. Here, as Mr. 
Cochrane states, the slope of line 
OXA and the slope of curve K, are 
equal. This formulation must actual- 
ly precede the establishment of the 
point of tangency. The approach to 
the problem involves the defining 
and equating of the common ordin- 
ates to point X, one for the line 
OXA, the other for the parabolic 
curve. Herein lies the “key.” The 
equation for “a” as rewritten by Mr. 
Cochrane provides a fourth means 
of determining the desired answer. 
Equations (7), (8) and the chart 
in Figure 5 are the other alterna- 
tives. 

The paragraph Inherent Assump- 
tions requires clarification. As stated 
in the paragraph under equation 
(8), page 78, the limits are intended 
to facilitate the graphical presenta- 
tion of Figure 5, and are established 
in order to present a meaningful 
visual aid. Actual K values falling 
outside the chart boundries by no 
means limit the equation itself. 
Moreover, the resisting moment, and 
consequently, the K values need not 
be based on fiber stresses derived 
by the elastic theory. As Mr. Coch- 
rane brings out, the method is ap- 
plicable to a cracked section design 
and, under certain conditions, it can 
be used to check ultimate capacity. 
(See Ultimate Moment Capacity ) 

The timely comments under Ulti- 
mate Moment Capacity call for fur- 
ther reflection even though this topic 
is outside the scope of the original 
paper. Mr. Cochrane suggests using 
the rectangular stress block approxi- 
mation in order to utilize the con- 
cept of the linearly shaped resisting 
moment diagram. While this ap- 
proach is in keeping with described 
method, it may or may not indicate 
a safety factor greater than that ob- 
tained by applying the recommend- 
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ed P.C.Il. Code design criteria for 
ultimate moment capacity. In this 
latter case the resisting moment 
diagram will consist, in part, of a 
series of third degree curves which 
follow a concave trajectory. This 
will reduce the area under the en- 
velope and lessen the ultimate ca- 
pacity in some areas. While this 
third degree curve envelope does 
approach a straight line in cases 
where the centroid of the prestress- 
ing force follows a linear path, it is 
evident that inconsistencies will ex- 
ist when different ultimate theories 
are applied to the method in ques- 
tion. In view of the various factors 
involved, it seems appropriate, un- 
der present design criteria, that the 
critical points be found by the 
elastic theory and checked by the 
ultimate theory and then, if the sit- 
uation suggests, several other points 
could be established in a “local” en- 
velope. 

The overall value of Mr. Coch- 
rane’s discussion certainly adds to 
and further clarifies the intent. of 
the original paper. I would like to 
thank him for his contributions and 
add my endorsement to his com- 
ments suggesting further investiga- 
tion of strand trajectories, particu- 
larly in the field of ultimate capacity. 
Errata: 

1. Second line below 

Km = My®/Mg, 
page 75, change “proporting to 
Proportion. 
2. Second line from bottom, left 
column, page 81, change “.458” 
to .458L. 
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SELECTIVE BOND PREVENTION 


3/8”, 7/16” AND 1/2” 
STRANDS 


If you require bond prevention 
on portions of your pretension- 
ing strands, ask us for a sample 
and information on 


AEROFLEX* BOND 
PREVENTION TUBING 


used successfully by many pro- 
ducers for several years. Re- 


cently approved by New York 
State. 
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Co. Inc. 


36-36 36th Street 
Long Island City 6, New York 
212 RAvenswood 9-1494 
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The Martin P. Korn Award 


Past President Peter J. Verna presented a bronze plaque to Col. Martin P. 
Korn at the Fifth Annual PCI Convention. This pl symbolized the 


establishment of the annual Martin P. Korn Award. 


The Martin P. Korn Award of the Prestressed Concrete Institute was established 
at its Fifth Annual Convention at Miami Beach in honor of Martin P. Korn, first Executive 
Secretary of the Institute. This Award will be presented annually to the author of the 
best paper published in the PCI JOURNAL. 


COMPETITION RULES 


I Competition for the Martin P. Korn Award is restricted to members of the Institute. 


II The Award consists of $100.00 in cash, with an appropriate engraved certificate. 
In case of more than one author, the cash will be divided, but each will receive a 
certificate. 


III All original papers presented to the Institute by members in any grade, and published 
in the JOURNAL during the year for which the Award is given, are open to the 
Award provided that such papers have not been previously coukitivdiod in whole 
or in part to any other associations, nor have appeared in print prior to their 
publication by the Institute. Papers written jointly by members and non-members 
are not eligible. Papers to be considered for this year’s Award are those that appear 
in the December 1960, March, June and September 1961 issues. 


IV The Award, with certificate, is awarded to the author, or authors of a paper which 
shall be judged worthy of special commendation for its merit as a contribution to 
the advancement of prestressed concrete. The ceremony conferring the Award will 
be held at the 1961 PCI Convention in Denver, Colorado, Oct. 15-19. 
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QUALITY BRANDED, FULLY GUARANTEED 
PRESTRESS WIRE AND STRAND 


Who makes it? Sumitomo Electric Industries, 
Ltd., the largest manufacturer of wire and 
cable in the far east — established in 1897 — 
and known the world over. 


What about quality? All wire and strand is 
made to ASTM specifications and fully 
guaranteed—your assurance of high quality. 


Who imports & distributes it? We do — Kurt 
Orban Company, Inc. We've imported a 
million tons of steel and steel products in 
the last ten years, plus all types of precision 
machine tools and industrial equipment. 
We've supplied some 2000 accounts — in- 
cluding some of the best known names in 
this hemisphere—with everything from nails 
to complete plant installations. 


Who guarantees it? We do—Kurt Orban 
Company, Inc. Our reputation, our ex- 
perience and our resources are behind this 
guarantee. A Kurt Orban representative is 
always just a phone call away. 


PRESTRESSED CONCRETE INSTITUTE \ 


Member of Prestressed Concrete Institute 


Who buys it? Major prestress contractors in 
the U.S. have ordered and re-ordered, con- 
tractors who value quality. How about you? 


KOC products for Prestressors: 
Wire—ASTM A-421-58T 
Strand—ASTM A-416-57T 

Test Certificates Supplied 
Wire rods—ASTM A-15-54T 
Bright wire—ASTM A-82 
Reinforcing bars—ASTM A-15-54T 
and ASTM 305 


Send for this 
booklet today 
Plus “How to Be 
At Home With 
Products Made 
Abroad”, the story 
of the Kurt Orban 
Company, Inc. 


URT ORBAN 


COMPANY, INC. 


34 Exchange Place, Jersey City 2, New Jersey 
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FULL LINE OF DEPENDABLE 
Richmond PRODUCTS 
FOR EVERY KIND OF 
PRESTRESSED CONCRETE 
MEMBERS Saves time 


& money safely! 


Richmond Strand De- 
flection Inserts for pre- 
stressed concrete beams 
and girders. In addition 
to the standard line of 
Inserts, special units 
can be manufactured 
to suit individual needs. 


Richmond Inserts 
for connection of cast-in-place 
diaphrams to prestressed girders. 


Richmond Chairs and Spacers 
for void supports and spirals 
in prestressed piles and beams. i 


Phillips Self-drilling 
Concrete Anchors for 
anchoring to any con- 
crete members after 
the concrete has set. 


Coil Tyscrus for lifting prestressed 
beams and girders. (2 & 4 strut) 


Richmond Inserts for anchoring 
guard rails to prestressed girders. 


Shown here are a few of the many “Ki ch were 7 


Richmond-engineered products for the 


prestressed concrete construction INC. 


industry. For more information 
about them, or help with any specific 
‘concreting problem, write to: 


1911-1961 50 YEARS OF associate Pci 


MAIN OFFICE: 816-838 LIBERTY AVENUE, BROOKLYN 8, N. Y. 
SALES OFFICES, PLANTS & WAREHOUSES: FT. WORTH, TEX.—ATLANTA, GA.—LAUREL, MD. 
ST. JOSEPH, MO.—WALTHAM, MASS. IN CANADA: ACROW-RICHMOND, ORANGEVILLE, ONT. 


VISIT US AT THE PRESTRESSED CONCRETE CONVENTION 
BOOTH 38, BROWN PALACE HOTEL, DENVER, OCT 15-19 
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PRECISE CASTINGS ON A 


MASS PRODUCTION BASIS 
FORM-CRETE Dual Piling Forms 
combine accuracy and fastest stripping 


Close tolerance, and smooth clean lines are built right into your square 
pilings when you precast them with Form-Crete steel forms. Form-Crete 
forms allow you to cast on a mass production basis, without losing close 
quality control. With precision engineered Form-Crete forms, there are no 
misalignment problems; these rugged forms turn out member after mem- 
ber each as true as the first. What’s more, the exclusive FMC Form Lock 
lets you strip and reset forms in the shortest possible time without re- 
aligning. 

The dual square piling form is only one of the many Form-Crete steel 
forms which together comprise the most complete line of forms manufac- 
tured. In addition to standard forms, your special or unusual forming 
requirements can be met quickly and economically by the highly qualified 
FMC Engineering Department. Get the benefits of experience and tradi- 
tional quality that only FMC, the form pioneer, can offer. Whatever your 
forming problem, FMC has the answer. Write today. 


Write for Form-Crete catalog #400. 
Contains complete information on - 


Putting Ideas to Work 
Form-Crete 
Department 


General Sales Offices: 
Lakeland, Florida 


the entire form line; 
valuable reference piece. 


CORPORATION 


= Post-tensioned Vierendeel truss 80 ft in length de- 
signed by A. E. Komendant being set by cranes between 
20-ft cantilever sections. By this method, Merchants 
Refrigerating Co., freezer plant at Secaucus, N. J., was 
® constructed with clear spans 120 ft in length. Design- 
ers and Engineers: Abbott, Merkt & Co., New York City; 
General Contractor: Turner Construction Co.; Pre- 
stressed Concrete Fabricators: Atlantic Prestressed 
Concrete Division, Warner Co., Trenton, N. J. 


PRESTRESSED CONCRETE SAVES COLD CASH 
FOR LARGE REFRIGERATING COMPANY 


Redesigning a new 440 x 360-ft cold storage room with prestressed concrete led to 
some interesting advantages for Merchants Refrigerating Co., of Secaucus, N. J. 


The use of post-tensioned 80-ft drop-in spans set between 20-ft cantilevers resulted 
in spacious, column-free bays. Insulation, too, became a much simpler matter with 
prestressed, and sub-zero painting problems were eliminated. 


Costs for this prestressed concrete structure were competitive with alternate de- 
signs. In addition, this method reduced fabrication and erection time by two months. 
Achievements like this have a familiar ring when prestressed concrete is used for 
virtually any kind of structure. In planning your next building, it will pay you to 
give prestressed your first consideration. 


Roebling has led the way in developing and promoting prestressed’s advantages 
from its early beginnings in this country. Besides the finest pretensioning materials, 
Roebling today can offer you a wealth of design data and practical experience 
unequalled in the prestressed industry. For constructive information on any aspect, 
contact Roebling’s Construction Materials Div., Trenton 2, N. J. 


ROE BLING 


Branch Offices in Principal Cities 
John A. Roebling’s Sons Division 
The Colorado Fuel and Iron Corporation 
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